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(54) Driving force control apparatus 

(57) A driving force control apparatus is provided to 
optimize the acceleration performance and improve the 
energy efficiency of a vehicle. Preferably, the front 
wheels (1 R, 1 L) are driven by the internal combustion 
engine (2), while the rear wheels (3R, 3L) are driven by 
the electric motor (4). The electric motor (4) is driven by 
electrical power generated by the generator (7). The 
generator (7) is driven by the engine (2). When acceler- 
ation slippage occurs in the front wheels (1R, 1L), the 
generator (7) Is controlled so as to produce a generation 
load torque corresponding to the acceleration slippage 
magnitude. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

{0001 1 The present invention generally relates to a ve- 
hicle driving force control apparatus In which at least one 
wheel from among the front and rear wheels Is driven 
by an Internal combustion engine. More specifically, the 
present invention relates to a drive control apparatus 
that is useful In a four-wheel drive vehicle In which one 
pair of wheels from among the front wheels and rear 
wheels Is driven by an Internal combustion engine and 
the other pair of wheels Is driven by an electric motor. 

2. Background Information 

[0002] Four-wheel drive control apparatuses in which 
one pair of wheels from among the front wheels and rear 
wheels is driven by an engine and the other pair of 
wheels Is driven by an electric motor are disclosed In 
Japanese Laid-Open Patent Publication Nos. 7-231508 
and 8-300965. 

[0003] in the drive control apparatus presented in 
Japanese Laid-open Patent Publication No. 7-231508. 
the engine drives a generator and the electric energy 
generated by the generator drives the electric motor. 
The drive control apparatus controls the electric energy 
supplied from the generator to the electric motor based 
on the condition of the vehicle. As a result, a large ca- 
pacity battery is not necessary, and thus, the weight of 
the vehicle can be reduced. 

[0004] In the drive control apparatus presented In 
Japanese Laid-Open Patent Publication No. 8-300965, 
an engine drives one pair of wheels and an electric mo- 
tor drives the other pair of wheels. The electric motor is 
driven by electric energy from a battery. The drive con- 
trol apparatus estimates the road surface friction coef- 
ficient n. When the estimated road surface friction coef- 
ficient u. is low, the drive control apparatus controls the 
electric motor to an output torque based on the detected 
road surface friction coefficient u.. In short, the drive con- 
trol apparatus attempts to prevent acceleration slippage 
of the wheels driven by the engine by adjusting the out- 
put torque of the electric motor In accordance with the 
detected road surface friction coefficient u.. 
[0005] in view of the above, there exists a need for an 
improved vehicle driving force control apparatus that op- 
timises the acceleration performance of the vehicle 
while also Improving the fuel consumption and other en- 
ergy efficiencies. This Invention addresses this need In 
the art as well as other needs, which will become appar- 
ent to those skilled In the art from this disclosure. 

SUMMARY OF THE INVENTION 

[0006] It has been discovered that In the apparatus 



described In Japanese Lald-Open Patent Publication 
No. 7-231508, the acceleration slippage of the wheels 
driven by the engine cannot be directly suppressed. 
Specifically, acceleration cannot be directly suppressed 

5 slippage because the four-wheel drive Is accomplished 
by driving the electric motor based on the deviation of 
the front wheel rotational speed and the rear wheel ro- 
tational speed from a standard rotational speed that cor- 
responds to the accelerator position and the deviation 

10 between the front wheel rotational speed and the rear 
wheel rotational speed. 

[0007] Meanwhile, In the apparatus described In Jap- 
anese Laid-Open Patent-Publication No. 8-300965, the 
electric motor Is driven and the motor torque is control- 

15 led only under certain conditions. Specifically, the elec- 
tric motor is driven and the motor torque is controlled 
only when the brakes are not being operated, the gear 
shift is in a position other than neutral, the accelerator 
is being depressed, the vehicle is travelling at or below 

20 a prescribed speed, and the road surface friction coef- 
ficient u. is equal to or below a prescribed value. How- 
ever, acceleration slippage of the wheels driven by the 
engine cannot be directly suppressed. 
[0008] In short, In both of these drive control appara- 

25 tuses, there is the possibility that, in situations where 
the accelerator is excessively depressed, the wheels 
driven by the engine will experience more acceleration 
slippage than necessary and sufficient acceleration per- 
formance and travelling stability will not be attainable. 

30 [0009] The present Invention focuses on this kind of 
problem and aims to provide a vehicle driving force con- 
trol apparatus that optimises the acceleration perform- 
ance of the vehicle while also improving the fuel con- 
sumption and other energy efficiencies. 

35 [0010] The present Invention can be basically carried 
out by providing for a vehicle having front and rear 
wheels with at least one of the front and rear wheels 
being a drive wheel driven by an Internal combustion 
engine that drives a generator. The driving force control 

to apparatus basically comprises a drive wheel slippage 
estimating section, and a generator control section. The 
drive wheel slippage estimating section Is configured to 
estimate if acceleration slippage is occurring in the main 
drive wheels. The generator control section is config- 
ured to control a generation load torque of the generator 
to substantially correspond to an acceleration slippage 
magnitude of the main drive wheels, when the drive 
wheel slippage estimating section estimates accelera- 
tion slippage occurring in the main drive wheels. 

so [0011] With the present invention, the portion of the 
output torque from the Internal combustion engine that 
Is surplus torque corresponding to the magnitude of the 
acceleration slippage of the driving wheels, I.e., corre- 
sponding to the torque that cannot be used effectively 

55 by the drive wheels, is converted to electric energy. 
Therefore, the acceleration slippage of the drive wheels 
driven by the power of the Internal combustion engine 
Is suppressed and the necessary acceleration perform- 
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ance can be obtained In such situations as when the 
vehicle is starting to move. 

[0012] These and other objects, features, aspects 
and advantages of the present Invention will become ap- 
parent to those skilled In the art from the following de- 5 
tailed description, which, taken In conjunction with the 
annexed drawings, discloses a preferred embodiment 
of the present Invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 10 

[001 3] Referring now to the attached drawings which 
form a part of this original disclosure: 

Figure 1 Is a schematic block diagram of a vehicle t5 
equipped with a vehicle driving force control appa- 
ratus in accordance with a first embodiment of the 
present Invention; 

Figure 2 is a block diagram of a control system for 
the vehicle driving force control apparatus In ac- 20 
cordance with the first embodiment of the present 
Invention; 

Figure 3 Is a block diagram illustrating the 4WD con- 
troller for the vehicle driving force control apparatus 
in accordance with the first embodiment of the 25 
present Invention; 

Figure 4 Is a flow chart showing the processing pro- 
cedure executed by the 4WD controller for the ve- 
hicle driving force control apparatus of the first em- 
bodiment of the present Invention; so 
Figure 5 Is a flow chart showing the processing ex- 
ecuted by the surplus torque computing section for 
the vehicle driving force control apparatus of the 
first embodiment of the present Invention; 
Figure 6 Is a flow chart showing the processing ex- 3s 
ecuted by the road surface estimating section for 
the vehicle driving force control apparatus of the 
first embodiment of the present Invention; 
Figure 7 Is a graph showing the wheel speed wave- 
forms when at the slippage limit; , 40 
Figure 8 is a graph showing the wheel speed wave- 
forms when travelling on a poor road; 
Figure 9 is a graph showing the relationship be- 
tween distribution ratio and the acceleratorposition; 
Figure 10 Is a flow chart showing the processing ex- 45 
ecuted by the target torque limiting section for the 
vehicle driving force control apparatus of the first 
embodiment of the present Invention; 
Figure 11 is a flow chart showing the processing ex- 
ecuted by the surplus torque converting section for so 
the vehicle driving force control apparatus of the 
first embodiment of the present Invention; 
Figure 12 shows exemplary time charts for the sur- 
plus torque converting section forthe vehicle driving 
force control apparatus of the first embodiment of ss 
the present invention; 

Figure 13 shows exemplary time charts for another 
surplus torque converting section for the vehicle 



driving force control apparatus of the first embodi- 
ment of the present Invention; 
Figure 1 4 is a flowchart showing the processing ex- 
ecuted by the surplus torque computing section for 
the vehicle driving force control apparatus of the 
second embodiment of the present invention; 
Figure 15 is an example of an engine output torque 
characteristic map for in computing the engine out- 
put torque based on signals from the engine speed 
sensor and a throttle sensor; 
Figure 1 6 Is a flowchart showing the processing ex- 
ecuted by the maximum value updating section for 
the vehicle driving force control apparatus of the 
second embodiment of the present invention; 
Figure 17 shows exemplary time charts based on 
the vehicle driving force control apparatus of the 
first embodiment of the present invention; 
Figure 18 shows exemplary time charts based on 
the vehicle driving force control apparatus of the 
second embodiment of the present Invention; 
Figure 19 shows exemplary time charts for a case 
where the maximum torque limit value Is not updat- 
ed; 

Figure 20 shows exemplary time charts for a case 
where the maximum torque limit value is updated; 
Figure 21 shows alternative exemplary time charts 
for a case where the maximum torque limit value Is 
updated; 

Figure 22 shows exemplary time charts for resetting 
the maximum torque limit value update; 
Figure 23 is a flowchart used for explaining a vari- 
ation of the processing executed by the surplus 
torque computing section of the second embodi- 
ment of the present Invention; 
Figure 24 shows exemplary time charts illustrating 
an example of the maximum limit torque computa- 
tion; 

Figure 25 shows exemplary time charts illustrating 
an example of the generation load torque computa- 
tion; 

Figure 26 Is a flow chart showing the processing ex- 
ecuted by the motor torque limit computing section 
for the vehicle driving force control apparatus of the 
third embodiment of the present invention; 
Figure 27 Is a flow chart showing the processing ex- 
ecuted by the field current converting forthe vehicle 
driving force control apparatus of the third embodi- 
ment of the present Invention; 
Figure 28 is a schematic block diagram of a vehicle 
equipped with a vehicle driving force control appa- 
ratus In accordance with the fourth embodiment of 
the present Invention; 

Figure 29 Is a flow chart showing the processing ex- 
ecuted by the distributing device control section for 
the vehicle driving force control apparatus of the 
fourth embodiment of the present invention; 
Figure 30 Is a flow chart showing the processing ex- 
ecuted by the clutch control limiting section forthe 
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vehicle driving force control apparatus of the fifth 
embodiment of the present Invention; 
Figure 31 Is a flow chart showing the processing ex- 
ecuted by the Internal combustion engine output 
control section for the vehicle driving force control 
apparatus of the sixth embodiment of the present 
Invention; 

Figure 32 Is a schematic block diagram of a vehicle 
equipped with a vehicle driving force control appa- 
ratus In accordance with the seventh embodiment 
of the present Invention; 

Figure 33 is a flow chart showing the target torque 
limiting section for the vehicle driving force control 
apparatus In accordance with the seventh embodi- 
ment of the present Invention; 
Figure 34 shows a map used for acceleration re- 
quest determination In the vehicle driving force con- 
trol apparatus In accordance with the seventh em- 
bodiment of the present invention; 
Figure 35 is a flow chart showing the processing ex- 
ecuted by the battery control for the vehicle driving 
force control apparatus of the seventh embodiment 
of the present Invention; 

Figure 36 Is a block diagram Illustrating a 4WD con- 
troller in accordance with the eighth embodiment; 
Figure 37 Is a flowchart showing a processing pro- 
cedure In accordance with the eighth embodiment; 
Figure 38 Is a flowchart showing a processing pro- 
cedure executed by a surplus torque calculator of 
the eighth embodiment; 

Figure 39 is a flowchart showing a processing pro- 
cedure executed by a target torque controller of the 
eighth embodiment; 

Figure 40 shows exemplary time charts Illustrating 
the relationship between deviation torque and tar- 
get generation load torque; and 
Figure 41 is a flowchart showing a target torque 
controller In accordance with a ninth embodiment 
of the present Invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 4] Selected embodiments of the present inven- 
tion will now be explained with reference to the draw- 
ings. It will be apparent to those skilled In the art from 
this disclosure that the following description of the em- 
bodiments of the present Invention Is provided for Illus- 
tration only, andnotforthepurpose of limiting the inven- 
tion as defined by the appended claims and their equiv- 
alents. 

[0015] Referring Initially to Figure 1 , an example of a 
four-wheel drive vehicle Is illustrated to explain a first 
embodiment of the present Invention. The vehicle is ca- 
pable of four-wheel drive in which the left and right front 
wheels 1 L and 1 R are driven by an internal combustion 
engine 2 and the left and right rear wheels 3L and 3R 
are driven by an electric motor 4. As shown In the Figure 



1 , the engine output torque Te of the Internal comb ustlon 
engine 2 Is transferred to the left and right front wheels 
1 L and 1 R through a transmission and a differential gear 
5. A portion of the engine output torque Te of the engine 
5 2 Is transferred to a generator 7 using an endless belt 
drive 6. 

[0016] The generator 7 rotates at rotational speed Nh, 
which Is the product of the rotational speed Ne of the 
engine 2 and the pulley ratio of the endless belt drive 6. 

10 The load placed on the engine 2 by the generator 7 due 
to the field current Ifh Is adjusted by the 4 WD controller 
8 to generate a voltage corresponding to the load 
torque. The voltage generated by the generator 7 can 
be supplied to the electric motor4 through the electrical 

t5 nne 9. A Junction box 1 0 is provided at an Intermediate 
point An the electrical line 9 between the electric motor 
4 and the generator 7. The drive shaft of the electric mo- 
tor 4 can be connected to the rear wheels 3L and3R via 
a reduction gear 11 , a clutch 12 and a. differential 13. 

20 [0017] A main throttle valve 1 5 and a sub th rottle valve 
16 are disposed inside the Intake passage 14 (e.g., an 
Intake manifold) of the engine 2. The throttle opening of 
the main throttle valve 15 is adjusted/controlled In ac- 
cordance with the amount of depression of the acceler- 

25 ator pedal 1 7 t which also functions as a throttle opening 
indicating device orsection. In order to adjust the throttle 
opening of the main throttle valve 15, the main throttle 
valve 15 Is either mechanically linked to the depression 
amount of the accelerator pedal 1 7, or adjusted/control- 

30 led electrically by the engine controller 18 In accordance 
with the depression amount detection value from an ac- 
celerator sensor 17a that detects the depression 
amount of the accelerator pedal 17. The depression 
amount detection value of the accelerator sensor 1 7a Is 

35 outputted to the 4WD controller 8, The accelerator sen- 
sor 1 7a constitutes a requested torque detecting section 
configured to detect a requested driving torque Inputted 
to the internal combustion engine 2. 
[0018] The sub throttle valve 1 6 uses a stepper motor 

*o 19 as an actuator for adjusting its throttle opening. Spe- 
cifically, the throttle opening of the sub throttle valve 16 
is adjusted/controlled by the rotational angle of the step- 
per motor 1 9, which corresponds to the step count. The 
rotational angle of the stepper motor 19 is adjusted/con- 

4* trolled by a drive signal from the motor controller 20. The 
sub throttle valve 16 is provided with a throttle sensor. 
The step count of the stepper motor 1 9 is feedback-con- 
trolled based on the throttle opening detection value de- 
tected by this throttle sensor. In this embodiment, the 

so output torque of the engine 2 can be controlled (re- 
duced) Independently of the operation of the accelerator 
pedal by the driver by adjusting the throttle opening of 
the sub throttle valve 16 so as to be smaller than the 
throttle opening of the main throttle valve 15. 

55 [0019] The apparatus is also equipped with an engine 
speed detection sensor 21 that detects the rotational 
speed of the engine 2. The engine speed detection sen- 
sor 21 outputs Its detected signal to the 4 WD controller 
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8. 

[0020J As shown in Figure 2, the generator 7 is 
equipped with a voltage adjusting device 22 (regulator) 
for adjusting the output voltage V. The generation load 
torque Th against the engine 2 and the generated volt- 5 
age V are controlled by the adjustment of field current 
Ifh executed by the 4WD controller 8. The voltage ad- 
Justing device 22 receives a generator control command 
(field current value) from the 4WD controller 8 and ad- 
justs the field current Ifh of the generator 7 to a value 10 
corresponding to the generator control command. It is 
also capable of detecting the output voltage V of the 
generator 7 and outputting the detected voltage value 
to the 4WD controller 8, Additionally, the rotational 
speed Nh of the generator 7 can be computed based on ts 
the rotational speed Ne of the engine 2 and the pulley 
ratio of the endless belt drive 6. 
[0021 J A current sensor 23 Is provided inside Junction 
box 1 0. The current sensor 23 detects the current value 
la of the electrical power supplied from the generator 7 20 
to the electric motor 4 and outputs the detected arma- 
ture current signal to the 4WD controller 8. The voltage 
across the electric motor 4 is detected by the 4WD con- 
troller 8 to provide a voltage value across the electrical 
line 9. A relay 24 shuts off or connects the voltage (cur- 25 
rent) supplied to the electric motor 4 In accordance with 
a command received from the 4 WD controller 8. 
[0022] A command from the 4WD controller 8 controls 
the field current Ifm of the electric motor 4 and the ad- 
justment of the field current Ifm adjusts the drive torque so 
Tm. A thermistor 25 measures the temperature of the 
electric motor 4. The apparatus is also equipped with a 
motor speed sensor 26 that detects the rotational speed 
Nm of the drive shaft of the electric motor 4. The motor 
speed sensor 26 outputs a signal for the detected rota- 35 
tlonal speed of the electric motor 4 to the 4WD controller 
8. 

[0023] The clutch 12 Is a hydraulic clutch or electric 
clutch and transmits torque at a torque transfer rate cor- 
responding to a clutch control command from the 4WD *o 
controller 8. 

[0024] The wheel speed sensors 27FL, 27FR, 27RL, 
and 27RR are provided on wheels 1L, 1R, 3L and 3R, 
respectively. Each speed sensor 27FL, 27FR, 27RL, 
and 27RR outputs a pulse signal corresponding to the <* 
rotational speed of the respective wheel 1 L, 1 R, 3L and 
3R to the 4WD controller 8. Each of the pulse signals 
serves as a wheel speed detection value. 
[0025] As shown in Figure 3, the 4 WD controller 8 is 
equipped with a generator control section 8A, a relay so 
control section 8B, a motor control section 8C, a clutch 
control section 8D, a surplus torque computing section 
8E, a target torque limiting section 8F, and a surplus 
torque converting section 8G. Figure 3 also shows con- 
trol blocks that are used by embodiments that will be 55 
discussed later. 

[0026] The 4WD controller 8 Is a control unit that pref- 
erably Includes a microcomputer with a 4WD control 



program that is operatlvely coupled to the Internal com- 
bustion engine 2 and the electric motor 4 to control the 
torque applied to the left and right front wheels 1L and 
1 R by the Internal combustion engine 2 and the torque 
applied to the left and right rear wheels 3L and 3R by 
an electric motor 4 as discussed below. The 4WD con- 
troller 8 can also include other conventional compo- 
nents such as an Input Interface circuit, an output Inter- 
face circuit, and storage devices such as a ROM (Read 
Only Memory) device and a RAM (Random Access 
Memory) device. The memory circuit stores processing 
results and control programs. The RAM of the4WD con- 
troller 8 stores statuses of operational flags and various 
control data for the control program. The ROM of the 
4WD controller 8 stores various operations for the con- 
trol program. The 4WD controller 8 is capable of selec- 
tively controlling any of the components of the driving 
force control apparatus In accordance with the control 
program. It will be apparent to those skilled in the art 
from this disclosure that the precise structure and algo- 
rithms for 4WD controller 8 can be any combination of 
hardware and software that will carry out the functions 
of the present invention. In other words, "means plus 
function" clauses as utilized In the claims should Include 
any structure including, but not limited to, hardware and/ 
or algorithm or software that can be utilized to cany out 
the function of the "means plus function" clause. More- 
over, the terms "device" and "section" as utilized In the 
claims should Include any structure, I.e., hardware 
alone, software alone, or combination of hardware and 
software. 

[0027] Through the voltage adjusting device 22, the 
generator control section 8A monitors the generated 
voltage V of the generator 7 and adjusts the generated 
voltage V of the generator 7 to the required voltage by 
adjusting the field current Ifh of the generator 7. Thus, 
the generator control section 8A includes a generation 
load torque adjusting section as discussed below. The 
relay control section 8B controls shutting off and con- 
necting the power supply from the generator 7 to the 
electric motor 4. The monitor control section 8C adjusts 
the field current Ifm of the electric motor 4 In order to 
adjust the torque of the electric motor 4 to the required 
value. 

[0028] As shown In Figure 4, at a prescribed sampling 
time cycle, the processing Is conducted In sequence by 
the surplus torque computing section 8E, the target 
torque limiting section 8F, and the surplus torque con- 
verting section 8G based on the input signals, x 
[0029] First, the processing shown In Figure 5 is con- 
ducted by the surplus torque computing section 8E 
which Includes second and third load torque computing 
sections as discussed below. The surplus torque com- 
puting section 8E Is configured to compute a surplus 
torque that substantially corresponds to a difference 
magnitude by which a drive torque transferred from the 
Internal combustion engine 2 to the front drive wheels 
1 L and 1 R exceeds a road surface reaction force limit 
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torque of the front drive wheels 1 L and 1 R. 
[0030] At step S10, the wheel speeds computed 
based on the signals from the wheel speed sensors 
27FL, 27FR, 27RL, and 27RR are used to subtract the 
wheel speed of the rear wheels 3L and 3R (subordinate 
drive wheels) from the wheel speed of the front wheels 
1L and 1R (main drive wheels) and find the slippage 
speed AVF, which Is the magnitude of the acceleration 
slippage of the front wheels 1 L and 1 R. Then processing 
proceeds to step S20. 

[0031 J The slippage speed AVF can be calculated as 
follows. The average front wheel speed VWf (which Is 
the average of the left and right wheel speeds for the 
front wheels 1L and 1R) and the average rear wheel 
speed VWr (which Is the average of the left and right 
wheel speeds for the rear wheels 3L and 3R) are calcu- 
lated using the following two equations: VWf= (VWfl + 
VWfr)/2 and VWr = (VWii + VWrr)/2. 
[0032] Now, the slippage speed (acceleration slip- 
page magnitude) AVF of the front or main drive wheels 
1 L and 1 R is calculated by the differential between the 
average front wheel speed VWf and the average rear 
wheel speed VWr, I.e., AVF = VWf- VWr. 
[0033] In step S20, the control program determines 
whether or not the calculated slippage speed AVF ex- 
ceeds a prescribed value, such as zero. If slippage 
speed AVF Is determined to be zero or below, it Is esti- 
mated that the front wheels 1L and 1 R are not experi- 
encing acceleration slippage and processing proceeds 
to step S60. Conversely, If in step S20 slippage speed 
AVF is determined to be larger than zero, it is estimated 
that the front wheels 1 L and 1 R are experiencing accel- 
eration slippage and thus control proceeds to step S30. 
In step S30, the absorption torque TAVF required for 
suppressing the acceleration slippage of the front 
wheels 1 L and 1 R is calculated using the equation below 
and processing proceeds to step S40. The absorption 
torque TAVF Is an amount that Is proportional to the ac- 
celeration slippage magnitude as set forth In the equa- 
tion TAVF « K1 x AVF, where K1 is a gain that is found 
through experimentation or the like. 
[0034] In step S40, the current load torque TG of the 
generator 7 is calculated based on the equation below, 
and then processing proceeds to step S50. 



TG = K2 



V x la 
K3 x Nh 



where: 



V: voltage of the generator 7, 

la: armature current of the generator 7, 

Nh: rotational speed of the generator 7, 

K3: efficiency, and 

K2: coefficient. 

[0035] In step S50, the surplus torque, i.e., the target 
generation load torque Th that the generator 7 should 



carry, is found based on the above equation: Th = TG + 
TAVF. Thus, the surplus torque computing section 8E 
(steps S30-S50) determines the surplus torque based 
on the acceleration slippage magnitude of the front 

5 wheels 1 L and 1 R and the generation load torque of the 
generator 7. Then, processing proceeds to step S1 00. 
[0036] Meanwhile, if the main drive wheels 1 L and 1 R 
are determined not to be experiencing acceleration slip- 
page In step S20, then processing proceeds to step S60 

io where the road surface estimating section 60 Is started 
and an estimation is executed of whether or not the road 
surface is such that there Is an apprehension of accel- 
eration slippage occurring. Then, processing proceeds 
to step S70. 

15 [0037] in step S70, processing Is directed to step S80 
when, based on the estimation of the road surface esti- 
mating section 60, the AS-FLG Is ON, i.e., It was deter- 
mined that the road surface Is such that there is an ap- 
prehension of acceleration slippage occurring. Mean- 

20 while, processing Is directed to step 90 when the 
AS-FLG te OFF, i.e., it was determined that there Is no 
apprehension of acceleration slippage. Zero Is assigned 
as the target generation load torque Th and processing 
proceeds to step S80. 

25 [0038] In step S80, the second target load torque 
computing section starts and calculates the target gen- 
eration load torque Th for making the drive torque of the 
subordinate drive wheels 3L and 3R the required value. 
Then, processing proceeds to step S100. 

30 [0039] In step S1 00, the control program determines 
whether or not the vehicle speed is at or below a pre- 
scribed vehicle speed, e.g., at orbelow 3 km. Thus, step 
S100 constitutes a low speed condition determining 
section. If the control program determines that the vehl- 

35 cle speed is at or below the prescribed speed, then 
processing proceeds to step S110. If the vehicle speed 
is determined to be faster than the prescribed speed, 
then processing ends and returns to the beginning of 
the control program to repeat the control program after 

to a prescribed sampling time cycle has expired. 

[0040] Thus, the generator control device 8 includes 
a first generator load torque generator control section In 
steps S10-S50 that calculates a first target generation 
load torque Th of the generator 7 in accordance with the 

45 acceleration slippage magnitude of the main drive 
wheels 1L and 1R when acceleration slippage of the 
main drive wheel 1 L and 1 R Is estimated to be occurring 
acceleration slippage and when the low speed condition 
determining section (step S1 00) determines that the ve- 

50 hide is in a low speed condition. Then, after step S110 
discussed below In more detail, the processing pro- 
ceeds to step S1 20. 

10041] In step S1 20, the target generation load torque 
Th corresponding to the acceleration slippage and the 
55 second target generation load torque Th2 are com- 
pared. If second target generation load torque Th2 is 
determined to be larger, then the value of Th2 Is as- 
signed to Th in step S1 30 and processing returns. Oth- 



6 



11 



EP 1 205 331 A2 



12 



erwise, processing ends and returns to the beginning of 
the control program to repeat the control program after 
a prescribed sampling time cycle has expired. 
[0042] In this embodiment, the larger of the target 
generation load torque Th (which corresponds to the ac- 
celeration slippage) and the second target generation 
load torque Th2 (which is based on a low speed condi- 
tion at or below a prescribed speed) is selected, but It Is 
also acceptable to assign second target generation load 
torque Th2 to target generation load torque Th uncon- 
ditionally when under low speed conditions at or below 
a prescribed speed. 

[0043] Next, the processing of the road surface esti- 
mating section 60 will be explained using Figure 6. The 
road surface estimating section 60 Is configured to f orm 
an acceleration slippage apprehension estimating de- 
vice or section. The road surface estimating section 60 
is configured to compute road surface condition includ- 
ing, but not limited to, a poor road condition estimate to 
determine If detected road conditions are within a pre- 
scribed poor road range, a wheel grip limit estimation 
value for the front drive wheel 1 L and 1 R, an ascending 
road estimate to determine If the vehicle Is traveling on 
an ascending road, and a running resistance of the ve- 
hicle. 

[0044] In step S1 50, the road surface estimating sec- 
tion 60 estimates whether or not the current road surface 
condition Is poor. In other words, the road surface esti- 
mating section 60 acts as a poor road estimating section 
that is configured to estimate if detected road conditions 
are within a prescribed poor road range. If the road is 
estimated to be a poor road, then processing proceeds 
to step S1 75 where the limit torque reset section 67 de- 
termining that the driving force of the subordinate drive 
wheels 3L and 3R should be Increased upon the poor 
road estimating section determining that the vehicle is 
traveling on a road within the prescribed poor road 
range. If the road was not estimated to be a poor road, 
then processing proceeds to step S155 where It is esti- 
mated whether or not the road surface condition Is in the 
vicinity of the wheel grip limit. If It Is estimated that the 
road surface condition Is In the vicinity of the wheel grip 
limit, then processing proceeds to step S1 75, where the 
limit torque reset section 67 determines that the driving 
force of the subordinate drive wheels 3L and 3R should 
be Increased upon determining that the wheel grip limit 
estimation value of the main drive wheel 1L and 1 R is 
at least close to a detected wheel grip limit. If not, then 
processing proceeds to step S1 60 where it is estimated 
whether or not the vehicle is travelling on an ascending 
road whose grade exceeds a prescribed grade. If the 
road Is estimated to be an ascending road whose grade 
exceeds a prescribed grade, then processing proceeds 
to step S1 75 where the limit torque reset section 67 de- 
termines that the drivingforce of the subordinate wheels 
3L and 3 R should b e increased upon the ascending road 
estimating section determining that the vehicle is 
traveling on an ascending road. If not, then processing 



proceeds to step S165, If the control program deter- 
mines that the running resistance exceeds a prescribed 
resistance due to travelling on sandy terrain, a snowy 
road surface, or the like, then processing proceeds to 
5 step S1 75 where the limit torque reset section 67 deter- 
mining that the driving force of the subordinate wheels 
3L and 3R should be increased upon the running resist- 
ance detecting section determining that the running re- 
sistance Is greater than or equal to a prescribed value. 
10 if not, then processing proceeds to step S1 70. 

[0045] In step S1 75, the AS-FLQ, which Indicates that 
the road surface Is such that there Is an apprehension 
of acceleration slippage, is turned ON because the road 
surface Is In the vicinity of the wheel grip limit, Is an as- 
15 cending road, or has a running resistance that exceeds 
a prescribed resistance. 

[0046] In step S170, the AS-FLG Is turned OFF be- 
cause the road surface condition does not fit Into any of 
the above categories. 

[0047] While the preceding explanation described de- 
termining If the road conditions matched any one of four 
different types, It Is also acceptable to estimate other 
road conditions for which there Is the apprehension of 
acceleration slippage occurring or to estimate only a 
portion of the aforementioned four types of road condi- 
tion. 

[0048] In this embodiment, the estimations for poor 
road and road surface In the vicinity of the wheel grip 
limit are conducted as follows. The wheel speed wave- 
form shown in Figure 7 Is used when travelling on a road 
surface that is in the vicinity of the grip limit, while the 
wheel speed waveform shown In Figure 8 is used when 
travelling on a poor road. According to these waveforms, 
the wheel speed shows an oscillation with a frequency 
of approximately 8 Hz when the vehicle Is travelling on 
a road surface in the grip limit vicinity and approximately 
11 Hz when the vehicle is travelling on a poor road. Al- 
though these frequencies have a variance of ±2 Hz, they 
are unique to the vehicle. Therefore, by experimentally 
measuring the frequency when at the grip limit and the 
frequency when travelling on a poor road for the partic- 
ular vehicle, It can be determined when the vehicle Is 
travelling at the grip limit or on a poor road by focusing 
on these frequency bands. Technologies for determin- 
ing the travelling condition of a vehicle based on a spec- 
ified frequency band are presented in Japanese Laid- 
open Patent Publication No. 2000-233739, etc. The 
threshold value of the oscillation level used for making 
the determination should be a value that sufficiently 
avoids the background noise level in a case of either of 
the two road surface conditions. Therefore, the same 
degree of frequency band should be used for both the 
grip limit determination and the poor road determination . 
Additionally, Instead of finding the oscillation frequency 
when at the grip limit and the oscillation frequency when 
travelling on a poor road for the particularvehicle exper- 
imentally, the unsprung resonance frequency of the 
drive shaft ±2 Hz can be used as the oscillation frequen- 
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cy forthe grip limit and the unsprung resonance frequen- 
cy of the suspension ±2 Hz can be used as the frequen- 
cy band for travelling on a poor road. 
[0049J Therefore, based on the facts Just presented, 
the determination of whether the vehicle Is travelling on 
a poor road or on a road surface that Is at the grip limit 
is accomplished by passing the wheel speeds through 
a band pass filter, differentiating the same with a differ- 
entiator, and determining If the absolute value Is greater 
than or equal to a prescribed threshold value (e.g., 2G). 
The following frequency bands should be used as the 
band region of the aforementioned band pass filter In 
the cases shown in Figures 7 and 8, for example: the 
frequency band from 6 to 1 0 Hz should be used for de- 
tecting a grip limit road surface; the frequency band from 
9 to 13 Hz should be used for detecting a poor road; and 
the frequency band from 6 to 13 Hz should be used 
when detecting both. 

[0050] Furthermore, the determination of whether or 
not the vehicle Is on an ascending road can be accom- 
plished based on the ascent resistance. More specifi- 
cally, It can be determined If the road Is ascending at a 
grade that exceeds a prescribed grade by Installing a G 
sensor that measures the acceleration force that acts 
on the vehicle in the vertical direction with respect to the 
road surface and estimating the grade of the road sur- 
face based on the output Gv from this G sensor. In this 
case, Gv = g x cos 6 (where g is the acceleration due 
to gravity and e Is the road surface grade) and ascent 
resistance R = g x sin 6. 

[0051] An ascending road can also be estimated 
based on the actual slant of the vehicle body. The esti- 
mation of whether or not the running resistance Is great- 
er than or equal to a prescribed value can be accom- 
plished using a known technology, such as that dis- 
closed in Japanese Lald-Open Patent Publication No. 
2000-168405. For example, the estimation can be con- 
ducted as follows. First, the acceleration Ar of the sub- 
ordinate drive wheels 3L and 3R is calculated and then 
the product of the acceleration Ar and the vehicle weight 
W is calculated to obtain the vehicle acceleration part 
driving force Fa (= Ar x W). Meanwhile, the four-wheel 
driving force Fw (sum of driving force of main drive 
wheels 1 L and 1 R and driving force of subordinate drive 
wheels 3L and 3R) Is calculated. Then It can be estimat- 
ed if the running resistance exceeds a prescribed value 
by determining If the running resistance force Fs, which 
Is the difference between the vehicle acceleration part 
driving force Fa and the four-wheel driving force Fw, ex- 
ceeds a prescribed threshold value (e.g., 980 N). 
[0052] Now, the processing executed by the second 
target load torque computing section will be explained. 
First, the torque (accelerator position) requested by the 
driver Is calculated based on the accelerator pedal op- 
eration amount. The distribution ratio crt for the gener- 
ation load, which is proportional to the estimated request 
torque, Is determined based on a map such as shown 
In Figure 9. The upper limit Is set to, for example, 30%. 



The engine torque Te Is found based on engine speed 
sensor 21 , a throttle sensor, etc., and the target gener- 
ation load torque Th Is calculated by multiplying the en- 
gine torque Te by distribution ratio a1 . The distribution 
5 ratio a1 takes a value of 0.1 or the like, where a value 
of 1 corresponds to the entire engine toque. 
[0053] Although here the distribution ratio a1 is set so 
as to vary In accordance with the requested torque of 
the driver, ft is also acceptable to keep the ratio fixed or 

10 to vary It In a stepwise manner. Furthermore, It Is also 
acceptable to find the road surface limit reaction force 
for a high-p. road (e.g., a road surface with a friction co- 
effcient \i value between 0.7 and 1) in advance by ex- 
perimentation and vary the distribution ratio a1 In ac- 

*s cordance with the difference between the aforemen- 
tioned road surface limit reaction force and the current 
road surface limit reaction force at the main drive wheels 
1L and 1 R. Thus, the second generator control section 
is configured to control the torque of the generator 7 to 

20 match a generation load torque when the acceleration 
slippage apprehension estimating section estimates 
that there is an apprehension of acceleration slippage, 
the generation load torque being determined In accord- 
ance with a difference between the current road surface 

25 reaction force limit torque and a previously-calculated 
hlgh-ji road surface reaction force limit torque. 
[0054] A low speed condition determining section is 
configured to determine If a traveling speed of the vehi- 
cle Is less than or equal to a prescribed speed. A first 

30 low speed control section is configured to control the 
torque of the generator 7 to match a generation load 
torque determined In accordance with the requested 
driving torque detected by the requested torque detect- 
ing section when the low speed condition determining 

35 section determines that the vehicle 1s In a low speed 
condition, 

[0055] The first low speed control section is config- 
ured to start when the low speed condition determining 
section determines that the vehicle Is In a low speed 
40 condition. The first low speed control section starts the 
generator control section 8 when the low speed condi- 
tion determining section determines that the vehicle Is 
not in a low speed condition. 

[0056] The generator control section 8 calculates a 
4* first generation load torque accordance with the accel- 
eration slippage magnitude of the main drive wheel 1L 
and 1R when acceleration slippage of the main drive 
wheel 1 L and 1 R Is estimated to be occurring and when 
the low speed condition determining section determines 
so that the vehicle is in a low speed condition. The gener- 
ator control section 8 also calculates a second genera- 
tion load torque In accordance with the requested driv- 
ing torque detected by the requested torque detecting 
section, and controls the torque of the generator 7 to 
55 substantially correspond to the larger of the first and 
second generation load torques. 
[0057] Next, the operation of the above-described ap- 
paratus will be explained. When the torque transferred 
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from the engine 2 to the front wheels 1 L and 1 R is larger 
than the road surface reaction force limit torque, I.e., 
when acceleration slippage occurs In the front wheels 
1 L and 1 R (which are the main drive wheels 1 L and 1 R), 
due to the road surface friction coefficient u, being small 
or the driver depressing the accelerator pedal 17 too 
deeply, the drive torque transferred to the front wheels 
1 L and 1 R Is controlled so as to approach the road sur- 
face reaction force limit torque of the front wheels 1L 
and 1 R by having the generator 7 generate at a gener- 
ation load torque Th corresponding to the magnitude of 
the acceleration slippage. As a result, acceleration slip- 
page of the front wheels 1 L and 1 R (which are the main 
drive wheels) Is suppressed. 

[0058] Next, the processing executed by the third tar- 
get load torque computing section (step S110) will be 
explained. First, the torque (accelerator position) re- 
quested by the driver is calculated based on the accel- 
erator pedal operation amount. The distribution ratio ot2 
for the generation load, which Is proportional to the es- 
timated request torque, Is determined. The upper limit 
is set to, for example, 20%. The engine torque Te Is 
found and the second target generation load torque Th2 
Is calculated by multiplying the engine torque Te by dis- 
tribution ratio cc2. The distribution ratio cx2 takes a value 
of 0.2 or the like, where a value of 1 corresponds to the 
entire engine torque. Although here the distribution ratio 
a2 Is set so as to vary In accordance with the requested 
torque of the driver, It Is also acceptable to keep the ratio 
fixed. 

[0059] Furthermore, the invention is not limited to de- 
termining distribution ratio oc2 in accordance with the 
driver requested torque. For example, it Is also accept- 
able to calculate the second target generation load 
torque Th2 using a2 as the weight distribution of the 
subordinate drive wheels 3L and 3R based on the front- 
rear weight distribution of the vehicle. Thus, thethird tar- 
get load torque computing section (step S110) Includes 
weight distribution determining section configured to de- 
termine a front and rear weight distribution of the vehicle 
based on Inputs from weight distribution sensors such 
as strain gauges. As previously mentioned, the low 
speed condition determining section (step S1 00) deter- 
mines if a traveling speed of the vehicle is less than or 
equal to a prescribed speed. Asecond low speed control 
device or section Is configured to control the torque of 
the generator 7 to match a generation load torque de- 
termined In accordance with the front and rear weight 
distribution determined by the low speed condition de- 
termining section when the low speed condition deter- 
mining section (step S100) determines that the vehicle 
Is in a low speed condition. The second low speed con- 
trol device or section starts the generator control device 
8 when the vehicle Is not In the low speed condition. 
[0060] Next, the processing executed by the target 
torque limiting section 8F will be explained based on Fig- 
ure 10. First, In step S200, the control program deter- 
mines whether or not the target generation load torque 



Th is larger than the maximum load capacity HQ of the 
generator 7. Processing proceeds to the beginning of 
the control program to repeat the control program after 
a prescribed sampling time cycle has expired, If the con- 
5 trol program determines that target generation load 
torque Th is less than or equal to the maximum load ca- 
pacity HQ of the generator 7. Conversely, processing 
proceeds to step S21 0 If the control program determines 
that target generation toad torque Th is larger than the 
10 maximum load capacity HQ of the generator 7. 

[0061] In step S210, the excess or surplus torque 
ATb, which Is the portion of target generation load torque 
Th that exceeds the maximum load capacity HQ, is 
found according to the following equation: ATb = Th • 
HQ. Then, processing proceeds to step S220. 
[0062] In step S220, the current engine torque Te Is 
computed based on the signals from the engine speed 
detection sensor 21 and the throttle sensor. Then, 
processing proceeds to step S230. 
[0063] In step S230, the engine torque upper limit val- 
ue TeM is calculated by subtracting the aforementioned 
excess or surplus torque ATb from the aforementioned 
engine torque Te, as set forth In the equation TeM = Te 
- ATb. After the engine torque upper limit value TeM is 
outputted to the engine controller 18, processing pro- 
ceeds to step S240. 

[0064] Without relation to operation of the accelerator 
pedal 1 7 by the driver, the engine controller 1 8 limits the 
engine torque Te such that the inputted engine torque 
upper limit value TeM becomes the upper limit value of 
engine torque Te. The processing from step S21 0 to this 
point comprises an internal combustion engine output 
limiting device or section. 

[0065] In step S240, the maximum load capacity HQ 
is assigned as the target generation load torque Th and 
then processing returns to the beginning of the control 
program to repeatthe control program after a prescribed 
sampling time cycle has expired. 
[0068] Next, the processing executed by the surplus 
torque converting section 8G will be explained based on 
Figure 11. The surplus torque converting section 8G 
forms a generation load torque control section that is 
operatively coupled to the generation load torque ad- 
justing section of the generator control section 8A to 
control the generation load torque of the generator 7 to 
a torque value based on the surplus torque computed 
by the surplus torque computing section 8E. 
[0067] First, In step S600, the control program deter- 
mines if Th is larger than 0. If Th is determined to be 
larger than 0, processing proceeds to step S610 be- 
cause one of the following Is occurring: the front wheels 
1 L and 1 R are experiencing acceleration slippage; the 
conditions are such that there Is an apprehension of ac- 
celeration slippage occurring; or the vehicle Is in a low 
speed state at or below a prescribed speed. If the control 
program determines that Th is less than or equal to 0, 
then processing returns to the beginning of the control 
program to repeatthe control program after a prescribed 
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sampling time cycle has expired without executing the 
subsequent steps because the vehicle Is In a state In 
which the front wheels 1 L and 1 R are not experiencing 
acceleration slippage or other comparable state. 
[0068] In step S610, the rotational speed Nm of the 
electric motor 4 detected by motor speed sensor 21 Is 
received as input. The target motor field current Ifm cor- 
responding to the rotational speed Nm of the electric 
motor 4 Is calculated and the target motor field current 
Ifm Is outputted to the motor control section 8C. Then, 
processing proceeds to step S620. 
[0069] In this embodiment, the target motor field cur- 
rent Ifm corresponding to the rotational speed Nm of the 
electric motor 4 Is held to a fixed prescribed current val- 
ue when rotational speed Nm Is below a prescribed ro- 
tational speed and the field current Ifm of the electric 
motor 4 Is reduced by a known weak magnetic field con- 
trol method when the electric motor 4 is rotating above 
a prescribed rotational speed (see Figure 12). In short, 
when the electric motor 4 rotates at a high speed the 
motor torque decreases due to the rise In the motor in- 
duced voltage E. Therefore, as discussed earlier, when 
the rotational speed Nm of the electric motor 4 reaches 
or exceeds a prescribed value, the current flowing to the 
electric motor 4 is increased and the required motor 
torque Tm is obtained by reducing the field current Ifm 
of the electric motor 4 and lowering the Induced voltage 
E. As a result, even if the electric motor 4 rotates at a 
high speed, the required motor torque Tm can be ob- 
tained because the motor induced voltage E Is kept from 
rising and the motor torque is prevented from decreas- 
ing. Also, the price of the electronic control circuit can 
be reduced in comparison with continuous field current 
control because the motor field current Ifm Is controlled 
In two stages: a stage for when the rotational speed is 
below a prescribed value and another stage for when 
the rotational speed is at or above a prescribed value. 
[0070] It Is also acceptable to provide a motor torque 
correcting section that continuously corrects the re- 
quired motor torque Tm by adjusting the field current Ifm 
In accordance with the rotational speed Nm of the elec- 
tric motor 4. That Is, instead of switching between two 
stages, the field current »fm of the electric motor 4 can 
be adjusted in accordance with the motor rotational 
speed Nm. As a result, even If the electric motor 4 ro- 
tates at a high speed, the required motor torque Tm can 
be obtained because the motor Induced voltage E is 
kept from rising and the motor torque Is prevented from 
decreasing. Furthermore, since a smooth motor torque 
characteristic can be obtained, the vehicle can travel 
with better stability than In the case of two-stage control 
and the vehicle can always be kept In a state where the 
motor driving efficiency is good. 
[0071] In step S620, the Induction current E of the 
electric motor 4 is calculated based on the target motor 
field current Ifm and the rotational speed Nm of the elec- 
tric motor 4. Then, processing proceeds to step S630. 
[0072] In step S630, the corresponding target motor 



torque TM is calculated based on the generation load 
torque Th computed by surplus torque computing sec- 
tion 8E. Then, processing proceeds to step S640. 
[0073] In step S640, the corresponding target arma- 
5 ture current la Is calculated using the target motortorque 
TM and the target motor field current Ifm as variables. 
Then, processing proceeds to step S650. 
[0074] In step S650, the equation V = la X R + E is 
used to calculate the target voltage V of the generator 
io 7 from the target armature current la, resistance R, and 
the Induced voltage E. Processing returns to the begin- 
ning of the control program to repeat the control program 
after a prescribed sampling time cycle has expired after 
the target voltage V of the generator 7 Is outputted to 
15 the generator control section 8A. The resistance R Is the 
resistance of the electrical line 9 and the resistance of 
the coil of the electric motor 4. 
[0075] Although here the surplus torque converting 
section 8G takes into account control of the motor when 
20 it calculates the target voltage V at the generator 7 that 
corresponds to the target generation load torque Th, It 
Is also acceptable to calculate the voltage value V that 
achieves the target generation load torque Th directly 
from target generation load torque Th. 
[0076] Figure 1 2 shows an example of a time chart for 
the processing described above. In this embodiment, 
the steps S10 and S20 constitute a main drive wheel 
slippage estimating device or section. The generator 
control section 8A, which controls field current Ifh, con- 
stitutes a generation load torque adjusting device or 
section. The steps S30 to S50 constitute a surplus 
torque computing device or section. The surplus torque 
converting section 8G constitutes a generator load 
torque control device or section. 
[0077] Furthermore, the acceleration performance of 
the vehicle Is Improved because the surplus power gen- 
erated by the generator 7 is used to drive the electric 
motor 4, which drives the rear wheels 3L and 3R (which 
are the subordinate drive wheels). 
[0078] At the same time, the electric motor 4 is driven 
by the surplus torque beyond the road surface reaction 
force limit torque of the subordinate drive wheels 3L and 
3R. Consequently, the energy efficiency is improved, 
which leads to improved fuel consumption. 
[0079] In this embodiment, If the rear wheels 3L and 
3R were always driven, several energy conversions 
(mechanical energy -> electrical energy -> mechanical 
energy, etc.) take place and energy losses occur In ac- 
cordance with the conversion efficiencies. Therefore, 
the acceleration performance of the vehicle would de- 
cline In comparison with a case where only the front 
wheels 1 L and 1 R were driven. Consequently, It Is gen- 
erally preferred that driving of the rear wheels 3L and 
3R be suppressed. Conversely, this embodiment takes 
into consideration the fact that when travelling on a slip- 
pery road surface or the like, even if ail of the output 
torque Te of the engine 2 is transferred to the front 
wheels 1L and 1 R, not all of the torque will be used as 
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driving force. The driving force that cannot be utilized 
efficiently by the front wheels 1 L and 1 R is outputted to 
the rear wheels 3L and 3R and the acceleration perform- 
ance Is Improved. 

[0080] Furthermore, In the present embodiment, even 
If the front wheels 1 L and 1 R (which are the main drive 
wheels) are not experiencing acceleration slippage but 
the road surface condition Is estimated to be such that 
there is an apprehension of acceleration slippage oc- 
curring, a generation load torque Is produced in advance 
and the vehicle Is put into a four-wheel drive state to an 
extent that the vehicle remains stable. As a result, travel 
stability can be obtained reliably and the stability and 
response of the vehicle with respect to acceleration slip- 
page are Improved. 

[0081] When the vehicle is starting to move or is oth- 
erwise In a low speed condition at or below a prescribed 
speed, there Is the danger that the estimation of accel- 
eration slippage will not be conducted appropriately re- 
gardless of whether the acceleration slippage Is estimat- 
ed using the difference In speed AV between the front 
and rear wheels or using the road surface reaction force 
limit torque. In other words, the precision of the accel- 
eration slippage detection degrades when the speed Is 
low because the precision of the wheel speed detection 
performed by rotary sensors and the like degrades and 
the road surface reaction force Is too small due to the 
small acceleration of the vehicle. Thus, it Is possible to 
have a situation where vehicle does not go Into a four- 
wheel drive state even though acceleration slippage is 
actually occurring. Meanwhile, if acceleration slippage 
of the main drive wheels 1L and 1R occurs when on 
sandy terrain or a snowy road surface, the road surface 
contacted by the main drive wheels 1L and 1R will 
change and travelling conditions will worsen (e.g., road 
surface friction coefficient p. will decline and running re- 
sistance will increase). The lower the speed of the ve- 
hicle is, the larger the effect of the change In the road 
surface caused by the vehicle will be. In short, when the 
vehicle Is starting to move or otherwise travelling at a 
very low speed, the occurrence of slippage will worsen 
the road surface condition and afterwards It will be dif- 
ficult to start moving even if the vehicle goes into four- 
wheel drive. 

[0082] With the present embodiment, when the vehi- 
cle Is starting to move or otherwise In a low speed state 
at or below a prescribed speed, the subordinate drive 
wheels 3L and 3R are driven In advance with a drive 
torque corresponding to the requested drive torque (ac- 
celeration request or the like) of the driver even before 
acceleration slippage occurs. As a result, stable starting 
and stable travel at low speeds can be achieved even 
when travelling on sandy terrain or other road surface 
for which acceleration slippage occurs easily. 
[0083] In step S630, in the surplus torque converting 
section 8G, the target motor torque TM is calculated 
based on the generation load torque Th. When the ve- 
hicle Is in a low speed state at or below a prescribed 



speed and Th2 Is selected as Th, It Is also acceptable 
to calculate target motortorqueTM based on the accel- 
erator position. 

[0084] Figure 1 3 a time chart for a case where the load 
5 torque of the generator 7 Is output-controlled even when 
in a low speed state at or below a prescribed speed. In 
this example, the low speed state at or below a pre- 
scribed speed Is defined to be when the rear wheel 
speed Is 5 km/h or less. 
10 [0085] This embodiment demonstrates a case where, 
under certain conditions, the generator 7 is placed In a 
loaded state even when acceleration slippage Is not oc- 
curring, but it is also acceptable to place the generator 
7 In a loaded state only when acceleration slippage is 
15 occurring. 

[0086] This embodiment furthermore demonstrates a 
case where the voltage generated by the generator 7 is 
used to drive the electric motor 4, thus achieving a four- 
wheel drive arrangement, but the invention is not limited 
20 to such an arrangement. It Is also acceptable for the 
electrical power generated by the generator 7 to be sup- 
plied to another load device and consumed by the other 
load device. 

[0087] This embodiment also describes using throttle 
25 control as the internal combustion engine output limiting 
device or section, but the Invention is not limited to such 
a method. The output can be limited by using one or 
more of the following methods: retarding the Ignition tim- 
ing of the internal combustion engine, cutting the Igni- 
30 tlon, reducing or stopping the fuel, or throttle control. 

SECOND EMBODIMENT 

[0088] Referring now to Figures 14-25, a driving force 
35 control apparatus In accordance with a second embod- 
iment will now be explained. The basic construction of 
this embodiment is the same as that of the first embod- 
iment, except that the surplus torque computing section 
8E is different. In view of the similarity between the first 
to and second embodiments, the parts of the second em- 
bodiment that are Identical to the parts of the first em- 
bodiment will be given the same reference numerals as 
the parts of the first embodiment. Moreover, the descrip- 
tions of the parts of the second embodiment that are 
45 identical to the parts of the first embodiment may be 
omitted for the sake of brevity. 
[0089] The processing executed by the surplus torque 
computing section 8E is shown In Figure 14. The surplus 
torque computing section BE includes a drive wheel limit 
so torque computing section that is configured to compute 
a current road surface reaction force limit torque of the 
drive wheel. Basically, the surplus torque computing 
section 8E determines the surplus torque based on a 
difference between the current road surface reaction 
55 force limit torque computed by the drive wheel limit 
torque computing section (step S730) and the drive 
torque transferred from the Internal combustion engine 
(2) to the drive wheels 1 L and 1 R. 
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[0090] First, In step S700, the output torque Te of the 
engine 2 is computed based on signals from the engine 
speed sensor 21 and a throttle sensor using, for exam- 
ple, a map like that shown In Figure 1 5. Then, process- 
ing proceeds to step S710. 

[0091] In step S71 0, the current torque TG of the gen- 
erator 7 is computed based on the voltage V of the gen- 
erator 7, the armature current la, and the rotational 
speed Nh of the generator 7 In the same manner as in 
step S40 of the previous embodiment. Then processing 
proceeds to step S720. 

[0092] In step S720, the drive train acceleration 
torque Trf is computed using the equation shown below. 
Then processing proceeds to step S730. 
[0093] Tif= (drive train Inertia [Including gear ratio]) x 
angular acceleration In this embodiment, the angular 
acceleration is found based on the wheel speed of the 
front wheels 1 L and 1 R. 

[0094] In step S730, the equation Ff = (Te - TG) x TR 
x G - TTf Is used to calculate the road surface reaction 
force Ff of front wheels 1 L and 1 R, where Tr Is the torque 
converter multiplication ratio and G Is the gear ratio of 
transmission. In this equation, the output torque Te of 
the engine 2 is multiplied by TR x G in order to convert 
it to the driving torque transferred to the front wheels 1 L 
and 1 R. Naturally, the TG Is zero when the generator 7 
Is not operating. After this calculation, processing pro- 
ceeds to step S740. 

[0095] The target torque limiting section 8F Includes 
a limlttorque calculating section that is configured to re- 
peatedly calculate the road surface reaction force limit 
torque of the main drive wheel 1L and 1R. The limit 
torque maximum value updating section 63 is config- 
ured to compare the road surface reaction force limit 
torque and a predetermined limit torque. The limlttorque 
maximum value updating section 63 set the larger of the 
current road surface reaction force limit torque and the 
predetermined limit torque as a maximum limit torque 
value, and set the maximum limlttorque value as a road 
surface reaction force limlttorque value. The limlttorque 
reset section 67 is configured to start upon determining 
that a driving force of the subordinate drive wheels 3L 
and 3R should be increased, and resets the maximum 
limit torque value to an updated maximum limit torque 
value. The limit torque reset section 67 Is further config- 
ured to determines that the driving force of the subordi- 
nate drive wheel 3L and 3R should be Increased when 
a speed differential occurs between the front and rear 
wheels that is greaterthan or equal to a prescribed value 
(see step S820). The limit torque reset section 67 resets 
the maximum limit torque value to a prescribed value 
only when the current road surface reaction force limit 
torque is smaller than a previous road surface reaction 
force limit torque. The limit torque reset section 67 also 
resets the maximum limit torque value to the predeter- 
mined maximum limit torque when the vehicle is 
stopped. The predetermined maximum limit torque Is 
the current road surface reaction force limit torque cal- 



culated by the limlttorque calculating section. 
[0096] In step S740, the maximum value updating 
section 63 starts and updates the maximum value of the 
road surface reaction force. Then, processing proceeds 
5 to step S750. 

[0097] In step S750, the equation Te > Ffm + TR + G 
is used to determine if there is any surplus torque in the 
engine torque Te. If there Is no surplus In the engine 
torque Te, i.e., the output torque Te is smaller, then 
10 processing proceeds to step S780. Conversely, If there 
Is a surplus In torque Te, I.e., the output torque Te Is 
larger, then processing proceeds to step S770. 
[0098] In step S770, the equation Th = Te - (Ffm + TR 
+ G) is used to calculate the surplus torque, I.e., the tar- 
ts get generation load torque Th, which Is the portion of 
the engine torque Te that is In excess of the maximum 
road surface reaction force limit torque Ffm of the front 
wheels 1 L and 1 R. 

[0099] In this embodiment, steps S700 to S750 con- 
20 stltute a main drive wheel estimating device or section, 
with step S770 constituting a surplus torque computing 
device or section, and step S730 constituting a main 
drive wheel limit torque computing device or section. 
[0100] Meanwhile, if In step S750, the control program 
25 determines that the main drive wheels 1L. and 1 R are 
not experiencing acceleration slippage, then processing 
proceeds to step S780, in which road surface estimating 
section 60 starts and estimates if the road surface Is 
such that there Is the apprehension of acceleration slip- 
30 page occurring. Then, processing proceeds to step 
S790. 

[0101] In step S790, processing is directed to step 
S800 If the control program determines that the road 
surface Is such that there is the apprehension of accel- 

S5 eratlon slippage based on the estimation executed by 
road surface estimating section 60. Otherwise, if the 
control program determines that the road surface does 
not pose the apprehension of acceleration slippage, 
processing Is directed to step S81 0, In which processing 

40 is directed to step S820 after zero Is assigned as the 
target generation load torque Th. 
[0102] In step S800, the second target load torque 
computing device or section starts and finds the target 
generation load torque Th for making the drive torque 

43 of the subordinate drive wheels 3L and 3R the required 
value. Then, processing proceeds to step S820. 
[0103] In step S820, the control program determines 
whether or not the vehicle speed is at or below a pre- 
scribed vehicle speed, e.g. , at or below 5 km. If the con- 

so trol program determines that the vehicle speed is at or 
below the prescribed speed, then processing proceeds 
to step S830. if the vehicle speed Is determined to be 
faster than the prescribed speed, processing ends and 
returns to the beginning of the control program to repeat 

55 the control program after a prescribed sampling time cy- 
cle has expired. 

[0104] In step S630, the third load torque calculating 
section starts and finds second generation load torque 
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Th2, Then, processing proceeds to step S840. 
[0105] In step S840, the target generation load torque 
Th (which corresponds to the acceleration slippage) and 
the second target generation load torque Th2 ane com- 
pared. If the second target generation load torque Th2 5 
is determined to be larger, then processing proceeds to 
step S850, where the value of Th2 is assigned to Th and 
then processing returns to the beginning of the control 
program to repeat the control program after a prescribed 
sampling time cycle has expired. If the second target 10 
generation load torque Is not larger, then processing 
ends and returns to the beginning of the control program 
to repeat the control program after a prescribed sam- 
pling time cycle has expired. 

[0106J In this embodiment, the larger of target gener- f $ 
ation load torque Th (which corresponds to the acceler- 
ation slippage) and the second target generation load 
torque Th2 (which is based on a low speed condition at 
or below a prescribed speed) is selected, but it Is also 
acceptable to assign the value of second target gener- 20 
ation load torque Th2 to target generation load torque 
Th unconditionally when under low speed conditions at 
or below a prescribed speed. 

[0107] Next, the processing executed by the maxi- 
mum value processing section 63 will be explained in 25 
reference to Figure 16. First, In step S900, the control 
program determines If the speed of the subordinate 
drive wheels is less than or equal to a prescribed thresh- 
old value, I.e., if the vehicle is substantially in a stopped 
condition. If the control program determines that the ve- so 
hide Is in a stopped condition, then processing pro- 
ceeds to step S960 where zero is assigned to the max- 
imum limit torque Ffm, i.e., maximum limit torque Ffm is 
reset. Conversely, If the control program determines that 
the vehicle is not In a stopped state, then processing ss 
proceeds to step S91 0. 

[0108] In step S910, the speed difference AVF be- 
tween the front and rear wheels Is found. If speed dif- 
ference AVF is determined to be greater than or equal 
to a prescribed threshold value, then acceleration slip- *o 
page Is actually occurring and processing proceeds to 
step S940. Meanwhile, if the speed difference Is below 
the prescribed threshold value, i.e., If the control pro- 
gram determines that acceleration slippage is not oc- 
curring, then processing proceeds to step S920, where « 
maximum value updating processing Is executed. The 
prescribed threshold value is a value with enough lee- 
way that error does not occur during turning or the like. 
[0109] In step S920, the present (the current) road 
surface reaction torque Ff and the maximum limit torque so 
Ffm are compared. If the present road surface reaction 
torque Ff Is larger, then processing proceeds to step 
S930. Otherwise, processing ends and returns to the 
beginning of the control program to repeat the control 
program after a prescribed sampling time cycle has ex- 55 
pired. 

[01 10] In step S930, the maximum limit torque Ffm Is 
updated to the present (current) road surface reaction 



torque Ff. 

[0111] In step S940, the once previous (I.e., previous- 
ly computed) road surface reaction force Ffs is com- 
pared with the road surface reaction torque Ff. If the 
road surface reaction torque Ff Is smaller, then process- 
ing proceeds to step S950. Otherwise, processing 
moves to step S920 without resetting the maximum limit 
torque. 

[0112] In step S950, the maximum limit torque Ffm Is 
reset to the current road surface reaction torque Ff. 
[0113] Next, the operation of the apparatus of this 
second embodiment will be explained. In this embodi- 
ment, the actual acceleration slippage (i.e., the speed 
difference AV between front and rear wheels) of front 
wheels 1 L and 1 R Is not detected directly. Rather, when 
the output torque Te of the engine 2 exceeds the road 
surface reaction force limit torque Ff, the excess portion 
of the output torque Te of the engine 2 Is absorbed by 
the generator 7. As aresult, acceleration slippage of the 
front wheels 1 L and 1 R Is suppressed and a similar op- 
erational effect to that of the first embodiment is 
achieved. 

[0114] Unlike the first embodiment, in the second em- 
bodiment, the generator 7 generates power and the 
generation load is produced so long as the output torque 
Te of the engine 2 exceeds the road surface reaction 
force limit torque Ff of the main drive wheels 1 L and 1 R, 
even if the actual speed difference AV between the front 
and rear wheels Is zero. 

[0115] if, as In the first embodiment, the load of the 
generator 7 is controlled using the speed difference AV 
between the front and rear wheels, when speed differ- 
ence AV is close to zero hunting will occur and there is 
the danger that vibration will be worsened and the ride 
will be degraded. Since the speed difference AV does 
not converge to zero, the front wheels 1L and 1R will 
continue to have a small amount of acceleration slip- 
page and there Is the apprehension that the vehicle be- 
haviour will become unstable. 

[0116] Conversely, in the second embodiment, even 
If the actual speed difference AV between the front and 
near wheels Is zero, the generator 7 generates power so 
long as the output torque Te of the engine 2 exceeds the 
road surface reaction force limit torque Ff of the main 
drive wheels 1 L and 1 R. Therefore, the aforementioned 
hunting Is suppressed and unforeseen vibrations can be 
prevented. Also, the speed difference AV between the 
front and rear wheels can be made to converge to zero 
In a stable manner. 

[0117] Figure 17 shows a time chart illustrating the be- 
haviour of the first embodiment. Hunting occurs easily 
because the torque absorbed by the generator 7 Is com- 
puted to a size that Is proportional to the change In the 
slippage speed AVF of the front wheels 1L and 1 R. In 
particular, as the gain K1 is increased, the response im- 
proves but hunting occurs more easily. It is also accept- 
able to use the PI control or the PID control based on 
the temporal changes In the slippage speed AVF. 
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[0118] Conversely, Figure 18 shows a time chart Illus- 
trating the behavior of the second embodiment. Even If 
the actual wheel speed difference goes to zero, there Is 
an estimation value for the portion of the output torque 
of the engine 2 that exceeds the road surface reaction 
force limit torque. Therefore, the control program deter- 
mines that there is a torque to be absorbed by the gen- 
erator 7. As a result, the wheel speed difference con- 
verges readily without the occurrence of hunting. 
[01 19] In this second embodiment, when the vehicle 
starts and begins to travel, the output torque requested 
of the vehicle will gradually decrease due to gear shifting 
and the decrease in the torque multiplication ratio of the 
torque converter. Consequently, unless the road surface 
conditions change greatly, the output torque of subordi- 
nate drive wheels 3L and 3R will not be particularly nec- 
essary. By updating the maximum value as Is done in 
this embodiment, excessive output torque from the sub- 
ordinate drive wheels 3L and 3R is eliminated and en- 
ergy losses can be reduced. This arrangement Is also 
preferable In view of the service life of the electric motor 
4 because It does not require frequent starting and stop- 
ping of the electric motor 4. 

[0120] Meanwhile, Figure 1 9 shows a case where the 
maximum value updating of the road surface reaction 
force limit torque used for the aforementioned estima- 
tion is unconditionally continued, in this embodiment, 
acceleration slippage cannot be detected even when 
the road surface condition changes such that an In- 
crease in the driving torque of subordinate drive wheeis 
3L and 3R is necessary, such as when the road surface 
reaction force decreases due to travelling on a road sur- 
face with a low road surface friction coefficient \l Con- 
versely, in the present embodiment, the maximum limit 
torque Ffm (which was being updated) Is reset when the 
control program determines that the conditions require 
increasing the drive torque of the subordinate wheels 
3L and 3R. Thus, as shown in Figure 20, even if maxi- 
mum value updating Is executed, the required driving 
performance can be ensured by producing the drive 
torque at the subordinate wheels 3L and 3R to an ap- 
propriate degree. Figure 20 Illustrates a case where the 
reset determination is based on whether nor not the ac- 
tual wheel speed difference AVF exceeds a prescribed 
threshold value. 

[0121] Furthermore, since the subordinate drive 
wheeis 3L and 3R are producing driving torque (there Is 
a generation load), the maximum limit torque, which 
serves as a reference, decreases even when the max- 
imum value updating is reset. As a result, the driving 
torque of the subordinate drive wheels 3L and 3R In- 
creases. 

[0122] When the reset determination Is conducted 
based on the actual speed difference AV between the 
main drive wheels 1 L and 1 R and the subordinate drive 
wheels 3L and 3R, it is necessary to use a threshold 
value that has a certain degree of leeway In order to pre- 
vent errors caused by wheel speed differences during 



turning. Therefore, even If the road surface has a low 
limit, the maximum limit torque Ffm will not be reset so 
long as slipping that exceeds the threshold value does 
not occur. 

5 [0123] Conversely, consider a case where the reset 
Is conducted based on an estimation of a poor road or 
the wheel grip limit and changes in the road surface are 
detected by observing the frequency characteristic of 
the speed difference AV Instead of detecting slippage 

*o directly from the speed difference AV. As shown In Fig- 
ure 21, even when the speed difference AV does not 
exceed the threshold value, it can be determined If the 
road surface is such that the driving force is required 
from the subordinate drive wheels 3L and 3R. There- 

*5 fore, It is easlerfor the subordinate drive wheels 3L and 
3R to output the driving torque before acceleration slip- 
page occurs In cases where the conditions are such that 
acceleration slippage can occur easily. 
[0124] Furthermore, by resetting when the road is 

20 poor, It Is easlerfor the subordinate drive wheels 3L and 
3R to output the driving torque while the vehicle Is stable 
before acceleration slippage occurs and the poor road 
driving performance is improved. 
[0125] When on an ascending road, the shift In weight 

25 tends to cause the weight distribution to be such that the 
weight born by the rear wheels increases and, conse- 
quently, acceleration slippage more readily occurs in the 
main drive wheels 1 L and 1 R. In short, such a road sur- 
face condition calls for increasing the driving force of the 

30 subordinate drive wheels 3L and 3R. Therefore, by re- 
setting when it is estimated that the road is ascending, 
acceleration slippage of main drive wheels 1L and 1R 
can be appropriately suppressed because the main 
drive wheels 1 L and 1 R are the front wheels. 

35 [0126] Furthermore, by resetting when the running re- 
sistance is large, e.g., when travelling on sandy terrain 
or a snowy road, acceleration slippage of the main drive 
wheels 1 L and 1 R is suppressed and the driving per- 
formance Is improved by being In a four-wheel drive 

40 state. 

[0127] In this second embodiment, as Indicated by A 
in Figure 22, cases of resetting unnecessarily In accord- 
ance with a change in the road condition can be reduced 
by resetting only in cases where the road surface reac- 
ts tlon force limit torque grows smaller as the vehicle trav- 
els. 

[0128] In view of the fact that acceleration slippage 
occurs readily when the vehicle Is starting to move, ac- 
celeration slippage of main drive wheels 1L and 1R 

so when the vehicle is starting to move can be appropriate- 
ly suppressed by resetting when the vehicle Is stopped. 
[0129] In this second embodiment, acceleration slip- 
page can be suppressed appropriately In accordance 
with the current road condition because the maximum 

55 limit torque is reset to the current (actual) road surface 
reaction force limit torque Ff at the time of resetting. 
However, the Invention Is not limited to resetting maxi- 
mum limit torque Ffm to the current value. For example, 
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It Is also acceptable to prepare a plurality of pre-set val- 
ues and select a pre-set value based on the current road 
surface. 

[0130] Also, the processing executed by the surplus 
torque computing section 8E In steps S750 and S770 
can be replaced by a computation of the motor torque 
or the drive torque of subordinate drive wheels 3L and 
3R. For example, as shown In Figure 23, steps S750 
and S770 might be replaced by steps S771 to S775. In 
step S771 , the maximum road surface limit torque Ffm 
Is multiplied by the gain (0.9) to calculate Film; In step 
S772, the driving torque Fd of main drive wheels 1 L and 
1 R is calculated; and in step S773 the surplus torque Is 
calculated. At step S774, processing proceeds to the 
aforementioned step S780 of there Is no surplus torque. 
If there Is a surplus torque, processing proceeds to step 
S775, where the generation load torque Th is calculated 
and then processing proceeds to step S820. An exam- 
ple of the maximum limit torque Ffm computation per- 
formed In this processing Is shown In Figure 24 and an 
example of the generation load torque computation Is 
shown In Figure 25. With this processing, the maximum 
limit torque Ffm can be provided with some leeway, in 
Figure 25, the crosshatchlng indicates the correspond- 
ing the subordinate drive wheel torque. 

THIRD EMBODIMENT 

[0131 J Referring now to Figures 26 and 27, a driving 
force control apparatus In accordance with a third em- 
bodiment will now be explained. The basic construction 
of this embodiment is the same as that of the first em- 
bodiment, except that the 4WD controller 8 is provided 
with a motor torque limit computing section 8H and a 
field current converting section 8J. in view of the simi- 
larity between the first and third embodiments, the parts 
of the third embodiment that are identical to the parts of 
the first embodiment will be given the same reference 
numerals as the parts of the first embodiment. Moreo- 
ver, the descriptions of the parts of the second embod- 
iment that are Identical to the parts of the first embodi- 
ment may be omitted for the sake of brevity 
[0132] The motor torque limit computing section 8H is 
accessed after the processing executed by the afore- 
mentioned su rplus torque converting section 8G Is com- 
pleted, and field current converting section 8J Is ac- 
cessed after the processing executed by the motor 
torque limit computing section 8H Is completed. 
[0133] The processing executed by the motor torque 
limit computing section 8H is illustrated in Figure 26. 
First, In step 1000, the estimated vehicle speed VS ts 
estimated and then processing proceeds to step S1 01 0. 
The estimated vehicle speed VS can be estimated by 
using, for example, the detection value of a longitudinal 
G sensor. 

[0134] In step S1 01 0, the rear wheel speed VR' for a 
case where acceleration slippage of the rear wheels 3L 
and 3R Is assumed not be occurring Is calculated based 



on the estimated vehicle speed VS, the tire diameter, 
etc. Then, processing proceeds to step S1020. 
[0135] In step S1 020, the wheel speed VR of the rear 
wheels 3L and 3R are received from the wheel speed 

5 sensors 27RL and 27RR of the rear wheels 3L and 3R 
and the equation AVR = VR - VR* Is used to calculate 
the acceleration slippage magnitude AVR for the rear 
wheels 3L and 3R. The wheel speed VR Is the average 
value for the left and right wheels. Then, processing pro- 

10 ceeds to step S1 030. 

[0136] In step S1 030, the acceleration slippage mag- 
nitude AVR Is used to determine whether or not the rear 
wheels 3L and 3R are experiencing acceleration slip- 
page. If the control program determines that the accel- 

15 eration slippage magnitude AVR Is less than or equal to 
a prescribed value (e.g., the acceleration slippage mag- 
nitude AVR is less than or equal to 0), I.e., If the control 
program determines that the rear wheels 3L and 3R are 
not experiencing acceleration slippage, then processing 

20 proceeds to step S1 040 where 0 is assigned to flag FR. 
[01 37] On the other hand, If the acceleration slippage 
magnitude AVR Is determined to be larger than 0 In step 
S1 030, I.e., If the rear wheels 3L and 3R are determined 
to be experiencing acceleration slippage, then process- 
es jng proceeds to step S1 050. 

[0138] Jn step S1 050, the limiting torque TAVR corre- 
sponding to the acceleration slippage magnitude AVR 
of the rear wheels 3L and 3R is computed using the 
equation TAVR = K4 x AVR. Then, processing pro- 

30 ceeds to step S1060, 

[0139] In step S1060, the current motor torque Tm is 
computed using the equation Tm = K5 x lax Ifm.where 
K4 and K5 are gain constants. Then processing pro- 
ceeds to step S1 070. 

35 [0140] In step S1070, the target motor torque TM, 
which Is limited by limiting torque TAVR, Is found using 
the equation TM = Tm - TAVR. Then processing pro- 
ceeds to step S1080. 

[0141] in step S1080, the flag FR is assigned 1 , which 

<to indicates target motor torque TM has been calculated. 
Then, processing returns to the beginning of the control 
program to repeat the control program after a prescribed 
sampling time cycle has expired. 
[0142] The field current converting section 8J exe- 

43 cutes the processing shown In Figure 27. In step S1200, 
the control program determines whether or not the tar- 
get motor torque TM has been computed. Processing 
proceeds to step S1210 If FR Is 1 , I.e., If the control pro- 
gram determines that the target motor torque TM has 

so been changed. Meanwhile, processing returns directly 
to the beginning of the control program to repeat the 
control program after a prescribed sampling time cycle 
has expired, If FR Is 0, i.e., If the control program deter- 
mines that the target motor torque TM has not been 

55 changed. 

[0143] In step S1210, the motor field current Ifin, 
which determines the target motor torque TM after 
changing, Is calculated based on the rotational speed 
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Nm of the electric motor 4, the armature current la, and 
the Induction current E of the electric motor 4. The cal- 
culated motor field current Ifm Is outputted to the motor 
control section 8C and the processing returns to the be- 
ginning of the control program to repeat the control pro- 5 
gram after a prescribed sampling time cycle has ex- 
pired. 

[0144] In this embodiment, steps S1000 to S1030 
constitute a subordinate drive wheel slippage estimating 
device or section and steps S1040 to S1080, S1200, 10 
and S1210 constitute an electric motor torque limiting 
device or section. 

[0145] In this embodiment, when acceleration slip- 
page occurs In the rear wheels 3L and 3R (subordinate 
drive wheels), which are driven by the electric motor 4, is 
the motor field current Ifm becomes smaller and the mo- 
tor efficiency declines. As a result, the acceleration slip- 
page of the rear wheels 3L and 3R is suppressed and 
the driving stability of the vehicle is improved further. 
[0146] Instead of controlling the motor field current Ifm 20 
in accordance with the target motor torque TM, it Is also 
acceptable to control the motor field current Ifm In direct 
correspondence to AVR such that AVR goes to zero or 
below. 

25 

FOURTH EMBODIMENT 

[0147] Referring now to Figures 28 and 29, a driving 
force control apparatus in accordance with a fourth em- 
bodiment will now be explained. The basic construction 30 
of this embodiment is the same as that of the first em- 
bodiment, except that as shown in Figure 28, it Is pro- 
vided a battery 30 and an electrical power distributing 
device or section 31 that distributes a portion of the elec- 
trical power generated by the generator 7 to the battery 35 
30. In view of the similarity between the first and fourth 
embodiments, the parts of the fourth embodiment that 
are identical to the parts of the first embodiment will be 
given the same reference numerals as the parts of the 
first embodiment. Moreover, the descriptions of the *o 
parts of the fourth embodiment that are Identical to the 
parts of the first embodiment may be omitted for the 
sake of brevity. 

[0148] Thus, in this embodiment, the electrical power 
distributing device 31 constitutes an electrical power 
distributing device or section that Is disposed along the 
electrical line 9. The electrical power distributing device 
31 Is configured such that the distribution ratios with re- 
spect to the electric motor 4 and the battery 30 can be 
changed by adjusting the resistance value of the varia- so 
ble resistor 31a. The distribution ratio can be changed 
by a command from the 4 WD controller 8. A voltage 
transformer 32 converts the voltage of the electrical 
power supplied thereto Into a voltage that can be used 
to charge the battery 30 (e.g., converts 42 volts to 12 55 
volts). 

[0149] The 4 WD controller 8 is equipped with a dis- 
tributing device control section 8K that constitutes an 



electrical power distributing device or section. The dis- 
tributing device control section 8K Is accessed after the 
processing executed by motor torque limit computing 
section 8H or the processing executed by field current 
converting section 8J. 

[0150] The processing executed by the distributing 
device control section 8K is as shown in Figure 29. in 
step S1 300, the control program determines whether or 
not the rear wheels 3L and 3R are experiencing accel- 
eration slippage using speed sensors 27FL, 27FR, 
27RL, 27RR. If the control program determines that the 
near wheels 3L and 3R are not experiencing accelera- 
tion slippage, then processing proceeds to step S1320. 
if the control program determines that the rear wheels 
3L and 3R are experiencing acceleration slippage, 
processing proceeds to step S1310. 
[0151] In this embodiment, the determination of 
whether or not acceleration slippage is occurring can be 
accomplished based on the result of the processing ex- 
ecuted In the aforementioned steps S1000 to S1020, 
which constitute a subordinate drive wheel slippage es- 
timating device or section. 

[0152] In step S1310, a command for distributing a 
portion of the voltage V generated by the generator 7 to 
the battery 30 at a predetermined distribution ratio is is- 
sued to the electrical power distributing device 31 . The 
electrical power distributing device 31 Is configured to 
distribute to the battery 30 a portion of the electrical pow- 
er supplied to the electric motor 4 from the generator 7) 
when the subordinate drive wheel slippage estimating 
device or section determines that acceleration slippage 
is occurring In the subordinate drive wheels 3L and 3R. 
Then processing returns to the beginning of the control 
program to repeat the control program after a prescribed 
sampling time cycle has expired. 
[0153] In step S1320, the supply of electrical power 
to the battery 30 is stopped and a command for supply- 
ing electrical power only to the motor Is Issued to the 
distributing device 31 . Then processing returns to the 
beginning of the control program to repeat the control 
program after a prescribed sampling time cycle has ex- 
pired. 

[0154] Additionally, in step 131 0, it is also acceptable 
to vary the distribution ratio of the distributing device 31 
In accordance with the slippage rate so that the accel- 
eration slippage of the rear wheels is suppressed. 
[0155] When the slippage magnitude AVR is found 
based on the difference between the rear wheel speed 
VR and the wheel speed VR* calculated from the esti- 
mated vehicle speed VS, the equation shown below is 
used to calculate the aforementioned slippage rate A. 

A- AVR 

[0156] When the presence or absence of acceleration 
slippage Is determined by computing the surplus torque 
based on the road surface limit grip amount and the mo- 
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tor torque Tm f the slippage rate A Is calculated as shown 
below. 

[0157] In the present embodiment, when acceleration 
slippage occurs in the rearwheels3Land3R, the driving 
force of the rear wheels 3L and 3R Is decreased by low- 
ering the voltage supplied to the electric motor 4, which 10 
drives the rear wheels 3L and 3R. As a result, the ac- 
celeration slippage of the rear wheels 3L and 3R is sup- 
pressed and similar an operational effect to that of the 
previously described embodiment is achieved. 
[0158J Since a portion of the voltage not supplied to T5 
the electric motor 4 Is stored in the battery 30, the volt- 
age not supplied to the electric motor 4 can be utilized 
effectively for another purpose. 

FIFTH EMBODIMENT 20 

[0159] Referring nowto Figure 30, a driving force con- 
trol apparatus in accordance with a fifth embodiment will 
now be explained. The basic construction of this embod- 
iment Is the same as that of the first embodiment, except 25 
that acceleration slippage of the rear wheels 3L and 3R 
Is suppressed by providing a clutch control limiting sec- 
tion 8L that limits the torque transfer rate of the clutch 
12. The clutch control limiting section 8L and the clutch 
1 2 constitutes a clutch device or section. Clutch control so 
limiting section 8L constitutes a transfer torque control 
device or section. In view of the similarity between the 
first and fifth embodiments, the parts of the fifth embod- 
iment that are Identical to the parts of the first embodi- 
ment will be given the same reference numerals as the 35 
parts of the first embodiment. Moreover, the descrip- 
tions of the parts of the fifth embodiment that are Iden- 
tical to the parts of the first embodiment may be omitted 
for the sake of brevity. 

[01 60] The processing executed by clutch control Urn- *o 
Itlng section 8L is as shown In Figure 30. In step S1400, 
the control program determines whether or not the rear 
wheels 3L and 3R are experiencing acceleration slip- 
page using speed sensors 27FL, 27FR, 27RL, 27RR. If 
the control program determines that the rear wheels 3L 
and 3Rare not experiencing acceleration slippage, then 
processing proceeds to step S1420. If the control pro- 
gram determines that the near wheels 3L and 3R are 
experiencing acceleration slippage, then processing 
proceeds to step S 1 41 0. so 
[0161] In this embodiment, the determination of 
whether or not acceleration slippage is occurring can be 
accomplished based on the result of the processing ex- 
ecuted In the aforementioned steps S1000 to S1030, 
which constitute a slippage condition detecting device 55 
or section. 

[0162] In step S1410, the reducing torque corre- 
sponding to the acceleration slippage magnitude of the 



rear wheels 3L and 3R Is computed. The reducing 
torque ATR or ATM and the current motor output torque 
are used to compute the maximum torque transfer rate 
of the clutch 1 2. After the maximum torque transfer rate 
KD Is outputted to the clutch control section 8D, 
processing returns to the beginning of the control pro- 
gram to repeat the control program after a prescribed 
sampling time cycle has expired. 
[0163] Meanwhile, In step S1420, the maximum 
torque transfer rate KD is assigned 100 (which Indicates 
100%). The maximum torque transfer rate KD is output- 
ted to clutch control section 8D. Then processing returns 
to the beginning of the control program to repeat the 
control program after a prescribed sampling time cycle 
has expired. 

[0164] The clutch control section 8D limits in such a 
manner that the upper limit of the torque transfer rate of 
the clutch 12 becomes the maximum torque transfer 
rate KD inputted from the clutch control limiting section 
8L. Thus, In the present embodiment, when acceleration 
slippage occurs In the rear wheels 3L and 3R, the upper 
limit of the transfer rate for the driving force transferred 
to the rear wheels 3L and 3R from the clutch 12 Is sup- 
pressed. Consequently, the driving force actually trans- 
ferred to the rear wheels 3L and 3R decreases and the 
acceleration slippage of the rear wheels 3L and 3R Is 
suppressed. As a result, an operational effect similar to 
those of the previously described embodiments Is 
achieved. 

SIXTH EMBODIMENT 

[0165] Referring nowto Figure 31 , a driving force con- 
trol apparatus In accordance with a sixth embodiment 
will now be explained. The basic construction of this em- 
bodiment is the same as that of the first embodiment, 
except that the 4WD controller 8 is equipped with an in- 
ternal combustion engine output control section 8M . The 
internal combustion engine output control section 8M 
constitutes an Internal combustion engine output control 
device or section. The internal combustion engine out- 
put control section 8M Is accessed after the processing 
of motor torque limit computing section 8H or after the 
processing of field current converting section 8J in place 
of the aforementioned clutch control limiting section 8L 
and distributing device control section 8K. In view of the 
similarity between the first and sixth embodiments, the 
parts of the sixth embodiment that are Identical to the 
parts of the first embodiment will be given the same ref- 
erence numerals as the parts of the first embodiment. 
Moreover, the descriptions of the parts of the sixth em- 
bodiment that are Identical to the parts of the first em- 
bodiment may be omitted for the sake of brevity. 
[0166] The processing executed by Internal combus- 
tion engine output control section 8M is as shown in Fig- 
ure 31. In step S1500, the control program determines 
whether or not the rear wheels 3L and 3R are experi- 
encing acceleration slippage. If the control program de- 
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temnlnes that the rear wheels 3L and 3R are not expe- 
riencing acceleration slippage, then processing pro- 
ceeds to step S1 51 0. in S1 51 0, a command for opening 
the throttle opening of the sub throttle valve 1 6 Is Issued 
to the motor controller 20 such that the throttle opening 
of the sub throttle valve 16 is greater than or equal to 
the opening of main throttle value 15. Then, processing 
returns to the beginning of the control program to repeat 
the control program after a prescribed sampling time cy- 
cle has expired. Meanwhile, If the control program de- 
termines that the rear wheels 3L and 3R are experienc- 
ing acceleration slippage, then the control program pro- 
ceeds to step S1520. 

[0167] In step S1520, the slippage rate of the rear 
wheels 3L and 3R Is computed and processing pro- 
ceeds to step S1530. When the slippage magnitude 
AVR is found based on the difference between the rear 
wheel speed VR and the wheel speed VR* calculated 
from the estimated vehicle speed VS, then the equation 
shown below Is used to calculate the aforementioned 
slippage rate A. 

A _ AVR 

[01 68] However, when the presence or absence of ac- 
celeration slippage is determined by computing the sur- 
plus tonque based on the road surface limit grip amount 
and the motor torque Tm, the slippage rate A Is calcu- 
lated as shown below. 

A ATm 
~~ TFrT 

[01 69J In step S 1 530, the throttle opening with respect 
to the closing direction corresponding to the magnitude 
of the acceleration slippage Is computed. For example, 
the throttle opening Is calculated using the equation e = 
K6 x A, where, K6 is a gain constant. Gain K6 can also 
be modified based on such factors as the difference be- 
tween the previous slippage rate and the current slip- 
page rate. A command for the computed opening Is is- 
sued to the motor controller 20. Then processing returns 
to the beginning of the control program to repeat the 
control program after a prescribed sampling time cycle 
has expired. 

[0170] In the present embodiment, the output of the 
engine 2 Is controlled so as to decrease without relation 
to the driver's operation of the accelerator by adjusting 
the sub throttle 16 In the closing direction by an amount 
corresponding to slippage rate A, which is the slippage 
condition detection value for the rear wheels 3L and 3R. 
As a result, the generation load of the generator 7 be- 
comes smaller, i.e., the driving torque transferred from 
the electric motor 4 to the rear wheels 3L and 3R be- 
comes smaller, and the acceleration slippage of the rear 
wheels 3L and 3R is reduced and suppressed. 
[0171] As a result, acceleration slippage of the rear 



wheels 3L and 3R, too, Is suppressed and the driving 
stability Improves. At the same time, the energy efficien- 
cy Improves, which leads to Improvedfuel consumption, 
because the output torque of the engine 2 is sup- 
5 pressed. 

SEVENTH EMBODIMENT 

[0172] Referring now to Figures 32-35, a driving force 

10 control apparatus In accordance with a seventh embod- 
iment will now be explained. The basic construction of 
this embodiment Is the same as that of the first and sec- 
ond embodiments except that, as shown in Figure 32, 
a motor driving battery 49 is provided. The electrical 

t5 power from the generator 7 and the electrical power 
from the motor driving battery 49 are supplied to the 
electric motor 4 via Inverter 50. The battery 49 has a 
relay (not shown) for shutting off the supply of electrical 
power. In view of the similarity between the prior embod- 

20 iments and the seventh embodiments, the parts of the 
seventh embodiment that are identical to the parts of the 
first and second embodiments will be given the same 
reference numerals as the parts of the first and second 
embodiments embodiment. Moreover, the descriptions 

25 of the parts of the seventh embodiment that are identical 
to the parts of the first embodiment may be omitted for 
the sake of brevity. 

[0173] The Inverter 50 converts the electrical power 
supplied from battery 49 to alternating current and corn- 
so bines it with the electrical power supplied from the gen- 
erator 7 before outputting the resultant to the electric 
motor 4. The amount of electrical power supplied from 
battery 49 to the electric motor 4 Is adjusted by com- 
mands from controller 8. 
ss [0174] The target torque limiting section 8F of the 
present invention will be explained using Figure 33. In 
step S300, the control program determines whether or 
not the aforementioned target generation load torque Th 
is larger than the maximum load capacity HQ of the gen- 
<o erator 7. If target generation load torque Th is deter- 
mined to be less than or equal to the maximum load ca- 
pacity HQ of the generator 7, then processing proceeds 
to step S400 where zero is assigned to Bh. Then , in step 
S41 0, the battery control section 65 starts and process- 
es |ng returns to the beginning of the control program to 
repeat the control program after a prescribed sampling 
time cycle has expired. 

[0175] On the other hand, If target generation load 
torque Th is determined to be larger than the maximum 

50 load capacity HQ of the generator 7 in step S300, 
processing proceeds to step S310. In step S31 0, the ex- 
cess or surplus torque Tb, which Is the portion of the 
target generation load torque Th In excess of the maxi- 
mum load capacity HQ, Is found using the equation ATb 

55 = Th - HQ. Then processing proceeds to step S320. 
[0176] In step 320, the current engine torque Te is 
computed based on the signals from the engine speed 
detection sensor 21 and the throttle sensor. Then 
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processing proceeds to step S330. 
[0177] lnstepS330, the engine torque upper limit val- 
ue TeM, which Is obtained by subtracting the excess or 
surplus torque ATb from the engine torque Te, Is com- 
puted according to the equation TeM = Te - ATb. The 
computed engine torque upper limit value TeM Is out- 
putted to the engine controller 18. Then processing pro- 
ceeds to step S340, 

[0178J In this embodiment, the engine controller 18 
limits the engine torque Te such that the received engine 
torque upper limit value TeM becomes the upper limit 
value of the engine torque Te regardless of the driver's 
operation of the accelerator pedal 17. The processing 
from step S3 1 0 to this point constitutes an Internal com- 
bustion engine output limiting device or section. 
[0179J in step 340, the control program determines 
whether or not there is an acceleration request based 
on the accelerator pedal operation amount. The 
processing step S340 and/or sensor 17a constitute an 
acceleration request detecting device or section that Is 
configured to detect an acceleration request operation. 
The acceleration request detecting device orsection de- 
termines If the rotational speeds of the subordinate drive 
wheel 3L and 3R are being controlled proportionally to 
the acceleration request based on the acceleration re- 
quest Indication quantity caused by a driver and the 
elapsed time of the acceleration request Indication. If 
there Is no acceleration request greater than or equal to 
a prescribed acceleration, processing proceeds to step 
S420. Meanwhile, if there is an acceleration request 
greater than or equal to a prescribed acceleration, 
processing proceeds to step S350. 
[0180] The aforementioned determination of whether 
or not there Is an acceleration request greater than or 
equal to a prescribed value Is accomplished by deter- 
mining If the accelerator operation fails at a position in 
the crosshatched area of the map shown in Figure 34. 
That Is, the control program determines that an accel- 
eration request occurred when an accelerator position 
that is greater than or equal to a prescribed accelerator 
position continues for a prescribed amount of time. The 
reason the continuance over a prescribed amount of 
time is used is to make it possible to reliably detect a 
condition in which the vehicle is stuck. 
[01 81 ] In step S350, the control program determines 
whether or not the speed of subordinate drive wheels 
3L and 3R Is less than or equal to a prescribed value, I. 
e., whether or not the vehicle Is In a stuck condition In 
which the speed of the subordinate drive wheels 3L and 
3R is suppressed compared to the acceleration request. 
The processing step S350 constitutes an acceleration 
condition detecting device or section that is configured 
to detect the acceleration condition of the vehicle based 
on at least one of the wheel speed of the subordinate 
drive wheels 3L and 3R, the wheel acceleration of the 
subordinate drive wheels 3L and 3R, and the longitudi- 
nal acceleration of the vehicle. Processing proceeds to 
step S360 If the control program determines that the ve- 



hicle Is in astuckcondition. Conversely, processing pro- 
ceeds to step S420 if the control program determines 
that the vehicle is not In a stuck condition. 
[0182] In step S360, the excess or surplus torque ATb 
5 is assigned to Bh. In step S370, the battery control sec- 
tion 65 starts and adjusts the amount of electrical power 
supplied from the battery. The battery control section 65 
constitutes supply power adjusting device or section 
(65) that adjusts the magnitude of electrical power sup- 
*o plied from the battery 49 to the electric motor 4. Then, 
processing proceeds to step S420. 
[0183] In step 420, the generation load torque Th is 
limited to the maximum load capacity HQ of the gener- 
ator 7 and then processing returns to the beginning of 
is the control program to repeat the control program after 
a prescribed sampling time cycle has expired. 
[0184] Next, the battery control section 65 Is dis- 
cussed using Figure 35. In step S500, the control pro- 
gram determines whether or not Bh is zero, if it is zero, 
processing proceeds to step S530 and the power supply 
from battery 49 Is stopped. If Bh is not zero, processing 
proceeds to step S510. 

[0185] In step S510, the supply amount from the bat- 
tery 49 Is computed using the equation BP = K7 x Bh, 
where K7 is a gain constant. Then processing proceeds 
to step S520. 

[0186] In step S520, a signal determined based on BP 
Is fed to inverter 50 and then processing returns to the 
beginning of the control program to repeat the control 
program after a prescribed sampling time cycle has ex- 
pired. The step S520 constitutes a battery power in- 
creasing device orsection that starts upon determining 
that the internal combustion engine output limiting de- 
vice or section (steps S31 0-330) has started. The bat- 
tery power increasing device or section Increases the 
magnitude of electrical power supplied to the electric 
motor 4 from the battery 49 by a magnitude in accord- 
ance with the magnitude by which the Internal combus- 
tion engine output limiting device orsection reduced the 
output torque, upon determining that the rotational 
speed of the subordinate drive wheel (3L, 3R) is being 
controlled proportionally to an acceleration request 
based on the detection values of the acceleration re- 
quest detecting device or section (step S340) and the 
acceleration condition detecting device orsection (step 
S350). 

[0187] In step S530, a power stop command Is sent 
to battery 49 and Inverter 50 and then processing re- 
turns to the beginning of the control program to repeat 
the control program after a prescribed sampling time cy- 
cle has expired. 

[0188] Next, the operation and effects of the present 
embodiment are described. When the surplus torque 
becomes larger and exceeds or Is In danger or exceed- 
ing the load capacity of the generator, the output torque 
of the engine 2 is reduced in accordance with the excess 
or surplus torque. As a result, it is not absolutely neces- 
sary to have a large generator with a large load capacity. 
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This Is advantageous In terms of cost and such Installa- 
billty factors as the space occupied by the generator. 
[0189J Additionally, when the Internal combustion en- 
gine output limiting device or section limits the output 
torque of the engine 2 In view of the load capacity of the 
generator and the main drive wheels 1 L and 1 R are spin- 
ning (i.e., the vehicle is stuck), the amount of power sup- 
plied to the electric motor 4 from battery 49 Is Increased 
In accordance with the amount by which the output 
torque of the engine 2 was reduced If the control pro- 
gram determines that the driving force of the subordi- 
nate drive wheels 3L and 3R will decline In comparison 
to the acceleration request. As a result, when the vehicle 
Is stuck, even If the output torque of the engine 2 Is re- 
duced In order to suppress acceleration slippage of 
main drive wheels 1 L and 1 R, the driving torque of sub- 
ordinate drive wheels 3L and 3R Is Increased by a cor- 
responding amount and the total driving force of the ve- 
hicle remains equal. Therefore, the ability to escape 
from a stuck condition Is improved. 

EIGHTH EMBODIMENT 

[01901 Referring nowto Figures 2-4 and 36-40, a driv- 
ing force control apparatus In accordance with an eighth 
embodiment will now be explained. The basic construc- 
tion of this embodiment is the same as that of the first 
embodiment, except that the driving force control appa- 
ratus as been modified in accordance with the following 
explanation. In view of the similarity between the first 
and eighth embodiments, the parts of the eighth embod- 
iment that are Identical to the parts of the first embodi- 
ment will be given the same reference numerals as the 
parts of the first embodiment. Moreover, the descrip- 
tions of the parts of the eighth embodiment that are iden- 
tical to the parts of the first embodiment may be omitted 
for the sake of brevity. Also, the definitions of terms and 
abbreviations of the terms defined in the following ex- 
planation of this eighth embodiment have the same def- 
inition as In the first embodiment, if the abbreviations 
and/or terms are redundantly used In the following ex- 
planation. 

[0191] An example of a four-wheel drive vehicle is il- 
lustrated in Figure 36 to explain this eighth embodiment 
of the present Invention. The vehicle is capable of four- 
wheel drive In which the left and right front wheels 1 L 
and 1 R are driven by the internal combustion engine 2 
and the left and right rear wheels 3L and 3R are driven 
by the electric motor 4. As shown in the Figure 1, the 
engine output torque Te of the internal combustion en- 
gine 2 Is transferred to the left and right front wheels 1 U 
and 1 R through the transmission and the differential 
gear 5. The portion of the engine output torque Te of the 
engine 2 is transferred to a generator 7 using an endless 
belt drive 6. 

[01 92] The generator 7 rotates at rotational speed Nh, 
which Is the product of the rotational speed Ne of the 
engine 2 and the pulley ratio of the endless belt drive 6. 



The load placed on the engine 2 by the generator 7 due 
to the field current Ifh te adjusted by the 4WD controller 
8 to generate a voltage corresponding to the load 
torque, The voltage generated by the generator 7 can 
5 be supplied to the electric motor 4 through the electrical 
line 9. A Junction box 1 0 Is provided at an Intermediate 
point in the electrical line 9 between the electric motor 
4 and the generator 7. The drive shaft of the electric mo- 
tor 4 can be connected to the rear wheels 3L and 3R via 

io a reduction gear 11 , a clutch 12 and a. differential 13. 
[0193] The main throttle valve 15 Is disposed inside 
the Intake passage 14 (e.g., an Intake manifold) of the 
engine 2. The throttle opening of the main throttle valve 
15 Is adjusted/controlled In accordance with the amount 

15 of depression of the accelerator pedal 17, which also 
functions as a throttle opening indicating device or sec- 
tion. The main throttle valve 15 Is either mechanically 
linked to the depression amount of the accelerator pedal 
1 7, or adjusted/controlled electrically by the engine con- 

20 troller 1 8 In accordance with the depression amount de- 
tection value from an accelerator sensor that detects the 
depression amount of the accelerator pedal 17, The de- 
pression amount detection value of the accelerator sen- 
sor Is outputtedto the 4WD controllers. The main throt- 

25 tie valve 15 preferably uses a stepper motor 19 as an 
actuator for adjusting Its throttle opening. Specifically, 
the throttle opening of the main throttle valve 15 Is ad- 
justed/controlled by the rotational angle of the stepper 
motor 1 9, which corresponds to the step count. The ro- 

30 tatlonal angle of the stepper motor 19 is adjusted/con- 
trolled by a drive signal from the motor controller 20. The 
main throttle valve 15 is provided with a throttle sensor. 
The step count of the stepper motor 1 9 Is feedback-con- 
trolled based on the throttle opening detection value de- 

35 tected by this throttle sensor. 

[0194] The apparatus Is also equipped with an engine 
speed detection sensor 21 that detects the rotational 
speed of the engine 2. The engine speed detection sen- 
sor 21 outputs Its detected signal to the 4WD controller 

40 8. 

[0195] As shown In Figure 2, the generator 7 Is 
equipped with a voltage adjusting device 22 (regulator) 
for adjusting the output voltage V. The generation load 
torque Th against the engine 2 and the generated volt- 
es age V are controlled by the adjustment of field current 
Ifh executed by the 4WD controller 8. The voltage ad- 
Justing device 22 receives a generator control command 
(field current value) from the 4WD controller 8 and ad- 
justs the field current Ifh of the generator 7 to a value 
so corresponding to the generator control command, It is 
also capable of detecting the output voltage V of the 
generator 7 and outputtlng the detected voltage value 
to the 4 WD controller 8. Additionally, the rotational 
speed Nh of the generator 7 can be computed based on 
55 the rotational speed Ne of the engine 2 and the pulley 
ratio of the endless belt drive 6. 
[0196] The current sensor 23 Is provided inside Junc- 
tion box 1 0. The current sensor 23 detects the current 
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value la of the electrical power supplied from the gen- 
erator 7 to the electric motor 4 and outputs the detected 
armature current signal to the 4WD controller 8. The 
voltage across the electric motor 4 Is detected by the 
4WD controller 8 to provide a voltage value across the 
electrical line 9. A relay 24 shuts off or connects the volt- 
age (current) supplied to the electric motor 4 in accord- 
ance with a command received from the 4WD controller 
8. 

[01 97] The command from the 4WD controller 8 con- 
trols the field current Ifm of the electric motor 4 and the 
adjustment of the field current Ifm adjusts the drive 
torque Tm. A thermistor 25 measures the temperature 
of the electric motor 4. The apparatus ts also equipped 
with a motor speed sensor 26 that detects the rotational 
speed Nm of the drive shaft of the electric motor 4. The 
motor speed sensor 26 outputs a signal for the detected 
rotational speed of the electric motor 4 to the 4WD con- 
troller 8. The clutch 12 is a hydraulic clutch or electric 
clutch and transmits torque at a torque transfer rate cor- 
responding to a clutch control command from the 4WD 
controller 8. 

[0198] The wheel speed sensors 27FL, 27FR, 27RL, 
and 27RR are provided on wheels 1 L, 1 R, 3L and 3R, 
respectively. Each speed sensor 27FL, 27FR, 27RL, 
and 27RR outputs a pulse signal corresponding to the 
rotational speed of the respective wheel 1 L, 1 R, 3L and 
3R to the 4 WD controller 8. Each of the pulse signals 
serves as a wheel speed detection value. 
[0199] The 4WD controller 8 is a control unit that pref- 
erably includes a microcomputer with a 4 WD control 
program that Is operatlvely coupled to the Internal com- 
bustion engine 2 and the electric motor 4 to control the 
torque applied to the left and right front wheels 1 L and 
1 R by the Internal combustion engine 2 and the torque 
applied to the left and right rear wheels 3L and 3R by 
the electric motor 4 as discussed below. 
[0200] Referring now to Figure 3, In this eighth em- 
bodiment of the present Invention, the 4WD controller 8 
Is equipped with a generator control section 8 A, a relay 
control section 8B, a motor control section 8C, a clutch 
control section 8D f a surplus torque computing section 
BE, a target torque limiting section 8F, and a surplus 
torque converting section 8G. The remaining control 
blocks shown In Figure 3 are used by other embodi- 
ments discussed herein. 

[0201] Referring back to Figure 4, In this eighth em- 
bodiment of the present Invention, at a prescribed sam- 
pling time cycle, the processing is conducted in se- 
quence by the surplus torque computing section 6E, the 
target torque limiting section 8F, and the surplus torque 
converting section 8G based on the Input signals. 
[0202] According to the eighth embodiment, the en- 
gine controller 18 executes the following processes as 
shown in Figure 37, depending upon signals inputted in 
each of predetermined sampling intervals (as shown in 
Figure 4). In step S2040, a target engine torque value 
TeN requested by a driver Is calculated depending upon 



a detected signal from the motor controller 20 that con- 
trols the main throttle valve 15. Then, processing pro- 
ceeds to step S2041. 

[0203] In step S2041 , the control program determines 
5 If an engine torque upper limited value TeM Is outputted 
from the 4WD controllers. If the signal is outputted, then 
the program proceeds to step S2042. If the signal is not 
outputted, the program proceeds to step S2044. 
[0204] In step S2042, the control program compares 
*o the engine torque upper limited value TeM with the tar- 
get engine torque value TeN . If the engine torque upper 
limited value TeM Is larger, the program proceeds to step 
S2043. If the engine torque upper limited value TeM is 
equal to or smaller than the target engine torque value 
is TeN, the program proceeds to step S2044. 

[0205] In step S2043, the engine torque upper limited 
value TeM is substituted for the target engine torque val- 
ue TeN so that the target engine torque value TeN is 
enlarged. Then, the program proceeds to step S2044. 
[0206] In step 2044, an engine torque Te is calculated 
depending upon a throttle opening signal, an engine ro- 
tation speed, and etc. Then, the program proceeds to 
step S2045. 

[0207] In step S2045, a deviation ATe' of the target 
engine torque value TeN to the engine torque Te is com- 
puted by the following equation: ATe* = TeN - Te. Then, 
the program proceeds to step S2046. 
[0208] In step 52046, a deviation A6 of a degree of 
throttle opening Is calculated depending upon the devi- 
ation ATe, and an opening degree signal corresponding 
to the deviation A6 is outputted to the stepper motor 19. 
[0209] Referring back to Figure 3, the generator con- 
trol section 8A monitors a generated voltage V of the 
generator 7 through thevoltage adjusting device 22, and 
It controls the field current Ifm of the generator 7, so that 
It controls the generated voltage V of the generator 7 for 
a predetermined voltage. 

[0210] The relay control section 8B turns on/off the 
power supply from the generator 7 to the motor 4. The 
motor control section 8C controls the torque of the motor 
4 for a predetermined value by controlling the field cur- 
rent If in of the motor 4. 

[0211] Referring to Figure 4, a cycle of control is per- 
formed by surplus torque computing section 8E, the tar- 
get torque limiting section 8F and the surplus torque 
converting section 8G depending on Inputted signals In 
predetermined sampling time intervals. 
[0212] Referrlngto Flgure38, the surplus torque com- 
puting section 8E executes the following processing for 
computing a load torque. 

[0213] In step S2001 , the speed values of the front 
wheels or driving wheels 1 L and 1 R and the rear wheels 
or subordinate wheels 3L and 3 are obtained depending 
upon signals from the sensors 27FL, 27FR, 27RL and 
27RR. By subtracting the speed value of the rear wheel 
3L and 3R from the speed value of the front wheels 1 L 
and 1 R, a slip speed AVF Is calculated as an accelera- 
tion slip amount of the front wheels 1L and 1R. Then, 
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the program proceeds to step S2002. 
[0214] In step S2002, the program compares the slip 
speed AVF with zero. If the slip speed AVF equals or Is 
smaller than zero, the program assumes the front 
wheels 1 L and 1 R are not slipping and proceeds to step 5 

52003. In step S2003, zero Is substituted for the variable 
Th. 

[0215] If the slip speed AVF Is larger than zero In step 
S2002, the program assumes that the front wheels 1L 
and 1 R are slipping. Then, the program proceeds to step io 

52004. In step S2004, an absorbing torque TAVF Is cal- 
culated for preventing the acceleration slip of the front 
wheels 1 L and 1 R. Then, the program proceeds to step 
S2005. 

[0216] In step S2005, a current load torque TG of the 
generator 7 Is calculated by the following equation. 
Then, the program proceeds to step S2006. 

TG = K2X ^Nh 20 

where 

V: voltage of the generator 7, 

la: armature current of the generator 7, 25 
Nh: rotational speed of the generator 7, 
K3: efficiency, and 
K2: coefficient. 

[021 7] In step S2006, calculated Is a target generation so 
load torque Th that Is an additional torque that should 
be loaded to the generator 7, by the equation: Th = TG 
+ TAVF. 

[0218] Referring to Figure 40, the processing of the 
target torque limiting section 8F will now be explained. 3s 
In step S2011 , the program compares the target gener- 
ation load torque Th with a maximum load capacity HQ 
of the generator 7. If the target generation load torque 
Th equals or Is smaller than the maximum load capacity 
HQ, the program proceeds to step S201 3. If the target *o 
generation load torque Th Is larger than the maximum 
load capacity HQ, then the program proceeds to step 
S2012. 

[0219] In step S201 2, the maximum load capacity HQ 
Is substituted for the target generation load torque Th 
as shown In the following equation: Th = HQ, Then, the 
program proceeds to step S201 3. 
[0220] In step S2013, the current engine torque Te Is 
calculated depending upon signals from the engine 
speed detection sensor21 and the throttle sensor. Then, so 
the program proceeds to step S2014. In step S2014, a 
minimum allowed torque Tk for which the engine 2 will 
not stop Is calculated depending upon a rotational speed 
Ne and etc. Then, the program proceeds to step S201 5. 
However, a predetermined value may be used as the 55 
minimum allowed torque Tk Instead of calculating the 
torque Tk, 

[0221] In step S2015, a deviation torque ATe Is calcu- 



lated by using the following equation : ATe = Te- Tk. Then 
the program proceeds to step 82016. Therein, steps 
S2013-S2015 constitute a deviation torque computing 
device or section. 

[0222] In step S201 6, the program compares the de- 
viation torque ATe with the target generation load torque 
Th. If the deviation torque ATe is smalier than the target 
generation load torque Th, the program proceeds to 
step S2017. 

[0223] In step S201 7, an engine torque upper limited 
value TeM is calculated by the following equation TeM 
= Te + (Th - ATe) +a, where a Is a value for safety. Then, 
the engine torque upper limited value TeM is outputted 
to the engine controller 18, 

[0224] However, the engine speed Ne of the engine 
2 cannot vary quickly because of the rotational Inertia of 
the entire driving system when the throttle valve 15 Is 
ordered to quickly open or close. In other words, the out- 
put power response speed of the engine 2 cannot be 
very fast. Accordingly, a may be zero. In case that a Is 
set as a relatively large value, the target torque of the 
engine 2 may be controlled to be Immediately large 
when the deviation torque ATe Is smaller than the gen- 
erator load torque Th. 

[0225] Therein, steps S2041 -S2043, step S201 6 and 
step S201 7 constitute controlling an Internal combustion 
engine output control device or section. 
[0226] Next, the processing executed by the surplus 
torque converting section 8G will be explained based on 
Figure 11. First, in step S600, the control program de- 
termines if Th is larger than 0. If Th is determined to be 
larger than 0, processing proceeds to step S610 be- 
cause one of the following Is occurring: the front wheels 
1L and 1 R are experiencing acceleration slippage; the 
conditions are such that there Is an apprehension of ac- 
celeration slippage occurring; or the vehicle is In a low 
speed state at or below a prescribed speed, if the control 
program determines that Th Is less than or equal to 0, 
then processing returns to the beginning of the control 
program to repeatthe control program after a prescribed 
sampling time cycle has expired without executing the 
subsequent steps because the vehicle is In a state In 
which the front wheels 1L and 1R are not experiencing 
acceleration slippage or other comparable state. 
[0227] In step S610, the rotational speed Nm of the 
electric motor 4 detected by motor speed sensor 21 Is 
received as Input. The target motorfleld current Ifm cor- 
responding to the rotational speed Nm of the electric 
motor 4 is calculated and the target motor field current 
Ifm is outputted to the motor control section 8C. Then, 
processing proceeds to step S620. 
[0228] In this embodiment, the target motor field cur- 
rent ifm corresponding to the rotational speed Nm of the 
electric motor 4 Is held to a fixed prescribed current val- 
ue when rotational speed Nm is below a prescribed ro- 
tational speed and the field current Ifm of the electric 
motor 4 Is reduced by a known weak magnetic field con- 
trol method when the electric motor 4 Is rotating above 
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a prescribed rotational speed (see Figure 12). In short, 
when the electric motor 4 rotates at a high speed the 
motor torque decreases due to the rise In the motor In- 
duced voltage E. Therefore, as discussed earlier, when 
the rotational speed Nm of the electric motor 4 reaches 
or exceeds a prescribed value, the current flowing to the 
electric motor 4 is increased and the required motor 
torque Tm Is obtained by reducing the field current Ifm 
of the electric motor 4 and lowering the induced voltage 
E. As a result, even If the electric motor 4 rotates at a 
high speed, the required motor torque Tm can be ob- 
tained because the motor Induced voltage E Is kept from 
rising and the motor torque is prevented from decreas- 
ing. Also, the price of the electronic control circuit can 
be reduced In comparison with continuous field current 
control because the motor field current Ifm Is controlled 
In two stages: a stage for when. the rotational speed Is 
below a prescribed value and another stage for when 
the rotational speed is at or above a prescribed value. 
[0229] it Is also acceptable to provide a motor torque 
correcting section that continuously corrects the re- 
quired motor torque Tm by adjusting the field current Ifm 
In accordance with the rotational speed Nm of the elec- 
tric motor 4. That Is, Instead of switching between two 
stages, the field current Ifm of the electric motor 4 can 
be adjusted In accordance with the motor rotational 
speed Nm. As a result, even If the electric motor 4 ro- 
tates at a high speed, the required motor torque Tm can 
be obtained because the motor Induced voltage E Is 
kept from rising and the motor torque is prevented from 
decreasing. Furthermore, since a smooth motor torque 
characteristic can be obtained, the vehicle can travel 
with better stability than In the case of two-stage control 
and the vehicle can always be kept in a state where the 
motor driving efficiency Is good. 
[0230] In step S620, the Induction current E of the 
electric motor 4 is calculated based on the target motor 
field current Ifm and the rotational speed Nm of the elec- 
tric motor 4. Then, processing proceeds to step S630. 
[0231 ] in step S630, the corresponding target motor 
torque TM Is calculated based on the generation load 
torque Th computed by surplus torque computing sec- 
tion 8E. Then, processing proceeds to step S640. 
[0232] In step S640, the corresponding target arma- 
turecurrent la is calculated using the target motor torque 
TM and the target motor field current Ifm as variables. 
Then, processing proceeds to step S650. 
[0233] In step S650, the equation V = la x R + E Is 
used to calculate the target voltage V of the generator 
7 from the target armature current la, resistance R, and 
the induced voltage E. Processing returns to the begin- 
ning of the control program to repeat the control program 
after a prescribed sampling time cycle has expired after 
the target voltage V of the generator 7 is outputted to 
the generator control section 8A. The resistance R is the 
resistance of the electrical line 9 and the resistance of 
the coll of the electric motor 4. 
[0234] Although here the surplus torque converting 



section 8G takes Into account control of the motor when 
It calculates the target voltage V at the generator 7 that 
corresponds to the target generation load torque Th, It 
is also acceptable to calculate the voltage value V that 
5 achieves the target generation load torque Th directly 
from target generation load torque Th. Figure 12 shows 
an example of a time chart for the processing described 
above. 

[0235] Referring back to Figure 3, in this eighth em- 
bodiment, the generator control section 8A constitutes 
a generator load torque computing device or section, 
and the surplus torque converting section 8G consti- 
tutes a generator load torque control device or section. 
Referring again to Figure 38, step S2001 and step 
S2002 constitutes a drive wheel slippage estimating de- 
vice or section. The steps S2004-S2006 constitute a de- 
viation torque computing device or section. 
[0236] Next, the operation of the apparatus of this 
eighth embodiment will be explained. A torque delivered 
from the engine 2 to the front wheels 1 L and 1 R may be 
greater than the road grip limit torque. In such a case, 
the front wheels or the driving wheels 1 L and 1 R may 
slip. The amount of the slip makes the generator 7 to 
generate a power at the generator load torque Th. Thus, 
the driving torque delivered to the front wheels 1L and 
1R Is controlled toward the road surface reaction limit 
torque, so that the front wheels 1 L and 1 R are kept away 
from the acceleration slippage. Meanwhile, the acceler- 
ation ability of the automobile is improved because the 
surplus power generated by the generator 7 Is supplied 
to the motor 4 that drives the rear wheels 3L and 3R. 
Furthermore, the energy efficiency is improved and fuel 
efficiency is Improved because the motor 4 Is driven by 
the surplus torque from the driving wheels. 
[0237] The acceleration ability Is also Improved by the 
surplus power which cannot be used by the front wheels 
1 L and 1 R, but which can be used by the rear wheels 
3L and 3R only when the automobile is on a slippery 
road. This Is better than the driving system which always 
distributes the driving force not only to the front wheels 
1 L and 1 R but also to the rear wheels 3L and 3R be- 
cause the driving energy has to be converted some 
times. 

[0238] When the output torque Te of the engine 2 is 
set to equal to the engine torque upper limited value 
TeM, the engine 2 is kept away from getting too much 
load torque of the generator 7. 
[0239] in Figure 40, graph (a) shows an example of 
variation of the deviation torque ATe. When a target gen- 
eration load torque Th that is going to be used by the 
generator 7 varies as shown in graph (b) of Figure 40, 
a deviation torque ATe M is calculated as shown in graph 
(c) of Figure 40. Thus, the engine torque Is controlled to 
be greater than the current engine torque Te by the de- 
viation torque ATeM. 

[0240] The surplus power generated by the generator 
7 can be consumed by a load such as an air conditioner 
other than by the motor 4. 
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[0241] The subject Invention is not limited to the struc- 
ture in which a load torque is determined depending up- 
on a siippage amount of the front wheels 1 L and 1 R 
compared to that of the rear wheels 3L and 3R, and the 
amount of electric power generated by the generator 7 
Is defined corresponding to the load torque. However, a 
driving torque that is required by the rear wheels 3L and 
3R can be calculated by a different way. The driving 
torque can define the generated power amount of the 
generator 7, so that a preferable load torque is created 
by the generator 7. The structure In which the engine 
torque upper limited value TeM is outputted from the 
4WD controller 8 to the engine controller 1 8 can be re- 
placed with another structure. In such a structure, the 
engine torque deviation ATeM can be supplied to the en- 
gine controller 1 8, and the engine controller 1 8 can cal- 
culate the degree of the throttle opening corresponding 
to the engine controller 18. 

NINTH EMBODIMENT 

[0242] Referring now to Figure 41, a driving force con- 
trol apparatus In accordance with a ninth embodiment 
will now be explained. This ninth embodiment is most 
identical to the eighth embodiment, except for the con- 
struction pertinent to the flowchart shown In Figure 41 . 
Thus, the basic construction of this embodiment also re- 
lies on the basic construction of the first embodiment. In 
view of the similarity between ninth and eighth embod- 
iments, the descriptions of the parts of the ninth embod- 
iment that are identical to the parts of the prior embod- 
iment have been omitted for the sake of brevity. Also, 
the definitions of terms and abbreviations of the terms 
defined in the following explanation of this eighth em- 
bodiment have the same definition as in the first and 
eighth embodiment, If the abbreviations and/or terms 
are redundantly used in the following explanation. 
[0243] Referringto Figure 41 , a flow chart for a special 
processing program Is Illustrated In accordance with the 
ninth embodiment. This program compares the target 
generation load torque Th with the maximum load ca- 
pacity HQ of the generator 7 In step S2061 . If the target 
generation ioad torque Th equals to or is smaller than 
the maximum load capacity HQ, the program proceeds 
to step S2063. If the torque Th Is smaller than the ca- 
pacity HQ, the program proceeds to step S2062, 
[0244] In step S2062, the maximum load capacity HQ 
Is substituted for the target generation load torque Th 
as shown in the following equation: Th = HQ. Then the 
program proceeds to step S2063. 
[0245] In step S2063, a current engine torque Te is 
calculated depending upon signals from the engine ro- 
tational speed detection sensor 21 and the throttle sen- 
sor. Then, the program proceeds to step S2064. 
[0246] In step S2064, a minimum allowed torque Tk 
for which the engine 2 will not stop is calculated depend- 
ing upon the current engine rotational speed and etc. 
Then the program proceeds to step S2065. 



[0247] In step S2065, a deviation torque ATe Is calcu- 
lated by using the following equation: ATe =Te - Tk. 
Then, the program proceeds to step S2066. 
[0248] In step S2066, the program compares the de- 

5 vlatlon torque ATe with the target generation load torque 
Th. If the torque ATe Is smaller than the torque Th, the 
program proceeds to step S2067. 
[0249] In step S2067, the target generation load 
torque Th is reduced toward the deviation torque ATe by 

fl> using the following equation: Th = ATe - a, where a is a 
coefficient for safety and a can be zero. Therein, steps 
S2066 and S2067 constitute a load torque control de- 
vice or section. 

[0250] The engine 2 Is kept away from obtaining too 
« much generator load torque by controlling the genera- 
tion load by the deviation torque ATe. 
[0251] Although the above embodiments were ex- 
plained using an example of a vehicle capable of four- 
wheel drive, the invention can be applied to any vehicle 
with two or more wheels In which a portion of the wheels 
are driven by an Internal combustion engine and another 
portion or the entire remainder of wheels are driven by 
a motor 4. 

[0252] The term "acceleration slippage" as used In 
this invention refers to slippage of the wheels when the 
vehicle Is accelerating. 

[0253] As used herein, the following directional terms 
"forward, rearward, above, downward, vertical, horizon- 
tal, below and transverse" as well as any other similar 
directional terms refer to those directions of a vehicle 
equipped with the present invention. Accordingly, these 
terms, as utilized to describe the present Invention 
should be interpreted relative to a vehicle equipped with 
the present Invention. 

[0254] The term "configured" as used herein to de- 
scribe a component, section or part of a device Includes 
hardware and/or software that is constructed and/or pro- 
grammed to carry out the desired function. Moreover, 
terms that are expressed as "means-plus function" in 
the claims should Include any structure that can be uti- 
lized to carry out the function of that part of the present 
invention. 

[0255] The terms of degree such as "substantially", 
"about" and "approximately" as used herein mean a rea- 
sonable amount of deviation of the modified term such 
that the end result is not significantly changed. For ex- 
ample, these terms can be construed as Including a de- 
viation of at least ± 5% of the modified term If this devi- 
ation would not negate the meaning of the word it mod- 
ifies. 

[0256] This application claims priority to Japanese 
Patent Application Nos. 2000-346287, 2000-346288 
and 2001-225144. The entire disclosures of Japanese 
Patent Application Nos. 2000-346287, 2000-346288 
and 2001-225144 are each hereby incorporated herein 
by reference. 

[0257] While only selected embodiments have been 
chosen to Illustrate the present Invention, It will be ap- 
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parent to those skilled In the art from this disclosure that 
various changes and modifications can be made herein 
without departing from the scope of the Invention as de- 
fined In the appended claims. Furthermore, the forego- 
ing description of the embodiments according to the s 
present Invention are provided for Illustration only, and 
not for the purpose of limiting the invention as defined 
by the appended claims and their equivalents. Thus, the 
scope of the Invention Is not limited to the disclosed em- 
bodiments. 10 



Claims 5. 

1. A driving force control apparatus for a vehicle hav- 15 
Ing front and rear wheels with at least one of the 
front and rear wheels (1L, 1 R, 3L, 3R) being a drive 
wheel driven by an Internal combustion engine (2) 
that drives a generator (7), said driving force control 
apparatus comprising: 20 

6. 

a drive wheel slippage estimating section 
(steps S10, S20, 27FL, 27FR) configured to es- 
timate if acceleration slippage is occurring In 
the drive wheel; and 25 
a generator control section (8) configured to 
control a generation load torque of the genera- 
tor (7) to substantially correspond to an accel- 
eration slippage magnitude of the drive wheel, 
when said drive wheel slippage estimating sec- so 
tion (steps S10, S20) estimates acceleration 
slippage occurring In the drive wheel. 

2. The driving force control apparatus as recited In 
claim 1, wherein 35 

said drive wheel slippage estimating section 7. 
(steps S10, S20) estimates if acceleration slippage 
is occurring based on a speed differential between 
the front wheels and the rear wheels. 

40 

3. The driving force control apparatus as recited in 
cialm 1, wherein 

said drive wheel slippage estimating section 
(steps S10 and S20) estimates if acceleration slip- 
page Is occurring from a comparison between a ^ 
drive torque transferred from the Internal combus- 8. 
tion engine (2) to the drive wheel and a road surface 
reaction force limit torque of the drive wheel. 

4. The driving force control apparatus as recited in any so 
one of claims 1 to 3, wherein 

said generator control section (8) includes 
a generation load torque adjusting sec- 
tion (8A) configured to adjust the generation load 
torque of the generator (7), 55 

a surplus torque computing section (8E, 
steps S30-S50) configured to compute a surplus 
torque that substantially corresponds to a differ- 



ence magnitude by which a drive torque transferred 
from the Internal combustion engine (2) to the drive 
wheel exceeds a road surface reaction force limit 
torque of the drive wheel, and 

a generation load torque control section 
(8G) operatively coupled to said generation load 
torque adjusting section (8A) to control the genera- 
tion load torque of the generator (7) to a torque val- 
ue based on said surplus torque computed by said 
surplus torque computing section (8E, steps 
S30-S50). 

The driving force control apparatus as recited in 
claim 4, wherein 

said surplus torque computing section (8E, 
steps S30-S50) determines said surplus torque 
based on the acceleration slippage magnitude of 
the drive wheel and the generation load torque of 
the generator (7). 

The driving force control apparatus as recited In 
claim 4, wherein 

said surplus torque computing section (8E, 
steps S30-S50) Includes a drive wheel limit torque 
computing section (step S730) configured to com- 
pute a current road surface reaction force limit 
torque of the drive wheel, and 

said surplus torque computing section (8E, 
steps S30-S50) determines said surplus torque 
based on a difference between the current road sur- 
face reaction force limit torque computed by said 
drive wheel limit torque computing section (step 
S730) and the drive torque transferred from the In- 
ternal combustion engine (2) to the drive wheel. 

The driving force control apparatus as recited in any 
one of claims 1 to 6, further comprising 

an electric motor (4) operatively driven by 
electrical power generated by said generator (7), 
said electric motor (4) being arranged to operatively 
drive at least one of the front and rear wheels which 
is a subordinate drive wheel (3L, 3R) that not driven 
by said internal combustion engine (2) which is a 
main drive wheel (1 L, 1 R). 

The driving force control apparatus as recited In 
claim 7, further comprising 

a load torque computing section (8A) config- 
ured to compute a magnitude of an engine load 
torque imposed on the internal combustion engine 
(2) by the generator (7) due to power generation of 
the generator (7); 

a deviation torque computing section (steps 
S2013-S2015) configured to compute a deviation 
torque obtained by subtracting a minimum allowed 
torque for which the internal combustion engine (2) 
will not stop from an output torque of the Internal 
combustion engine (2); and 
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an internal combustion engine output control 
section (steps S2016, S2017) configured to control 
a lower limit of the output torque of the Internal com- 
bustion engine (2) such that the deviation torque Is 
larger than the engine load torque Imposed on the 5 
Internal combustion engine (2) by the generator (7) 
due to power generation of the generator (7). 

9. The driving force control apparatus as recited In 
claim 8, wherein 10 

said Internal combustion engine output con- 
trol section (steps S201 6, S201 7) Is configured to 
start when the deviation torque Is smaller than the 
engine load torque, and to control the output torque 
of the internal combustion engine (2) In accordance i* 
with a magnitude of a value obtained by subtracting 
the deviation torque from the engine load torque re- 
gardless of an acceleration operation on the Internal 
combustion engine (2). 

20 

10. The driving force control apparatus as recited In 
claim 7, further comprising 

a load torque computing section (8 A) config- 
ured to compute a magnitude of an engine load 
torque imposed on the internal combustion engine 25 
(2) by the generator (7) due to power generation of 
the generator (7); 

a deviation torque computing section (steps 
S2013-S2015) configured to compute a deviation 
torque obtained by subtracting a minimum allowed 30 
torque for which the internal combustion engine (2) 
will not stop from an output torque of the Internal 
combustion engine (2); and 

a load torque control section (8G) configured 
to control a maximum value of the generation load 35 
torque from the generator (7) so as to be less than 
or equal to the deviation torque. 

11. The driving force control apparatus as recited In 
dalm 7, wherein 40 

said drive wheel limit torque computing sec- 
tion (step S730) Includes 

a limit torque calculating section (8F) config- 
ured to repeatedly calculate the road surface reac- 
tion force limit torque of the main drive wheel (1L, 
1R); 

a limit torque maximum value updating sec- 
tion (63) configured to compare the road surface re- 
action force limit torque and a predetermined limit 
torque, set the larger of the current road surface re- so 
action force limit torque and the predetermined limit 
torque as a maximum limit torque value, and set the 
maximum limit torque value as a road surface reac- 
tion force limit torque value; and 

a limit torque reset section (67) configured to 55 
start upon determining that a driving force of the 
subordinate drive wheel (3L, 3R) should be In- 
creased, and resets the maximum limit torque value 



to an updated maximum limit torque value. 

12. The driving force control apparatus as recited In 
claim 11, wherein 

said limit torque reset section (67) 

13. The driving force control apparatus as recited in 
claim 11 or 12, further comprising 

a wheel grip limit estimating section (60) con- 
figured to compute a wheel grip limit estimation val- 
ue for the main drive wheel (1 L, 1 R), and 

said limit torque reset section (67) determin- 
ing that the driving force of the subordinate drive 
wheel (3L, 3R) should be Increased upon determin- 
ing that the wheel grip limit estimation value of the 
main drive wheel (1 L, 1 R) Is at least close to a de- 
tected wheel grip limit. 

14. The driving force control apparatus as recited in any 
one of claims 11 to 13, further comprising 

a poor road estimating section (60) configured 
to estimate if detected road conditions are within a 
prescribed poor road range, 

said limit torque reset section (67) determin- 
ing that the driving force of the subordinate drive 
wheel (3L, 3R) should be Increased upon said poor 
road estimating section determining that the vehicle 
Is traveling on a road within the prescribed poor 
road range. 

15. The driving force control apparatus as recited in any 
one of claims 11 to 14, further comprising 

an ascending road estimating section (60) 
configured to estimate If the vehicle Is traveling on 
an ascending road, 

said limit torque reset section (67) determin- 
ing that the driving force of the subordinate drive 
wheel (3L, 3R) should be increased upon said as- 
cending road estimating section (60) determining 
that the vehicle Is traveling on an ascending road. 

16. The driving force control apparatus as recited In any 
one of claims 11 to 15, further comprising 

a running resistance detecting section (60) 
configured to detect a running resistance of the ve- 
hicle, and 

said limit torque reset section (67) determin- 
ing that the driving force of the subordinate drive 
wheel (3L, 3R) should be increased upon said run- 
ning resistance detecting section (60) determining 
that the running resistance Is greater than or equal 
to a prescribed value. 

17. The driving force control apparatus as recited in any 
one of claims 11 to 16, wherein 

said limit torque reset section (67) resets the 
maximum limit torque value to a prescribed value 
only when the current road surface reaction force 
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limit torque Is smaller than a previous road surface 
reaction force limit torque. 

1 6. The driving force control apparatus as recited In any 
one of claims 11 to 17, wherein 5 

said limit torque reset section (67) resets the 
maximum limit torque value to the predetermined 
maximum limit torque when the vehicle Is stopped. 

1 9. The driving force control apparatus as recited In any n> 
one of claims 11 to 18, wherein 

the predetermined maximum limit torque Is 
the current road surface reaction force limit torque 
calculated by said limit torque calculating section. 

15 

20. The driving force control apparatus as recited In 
claim 7, further comprising: 

an acceleration slippage apprehension esti- 
mating section (60) configured to estimate If 20 
road surface conditions are such that there Is 
an apprehension of acceleration slippage oc- 
curring In said main drive wheel (1L, 1R); 
a requested torque detecting section (17a) con- 
figured to detect a requested driving torque in- 25 
putted to said internal combustion engine (2); 
and 

an additional generator control section config- 
ured to control an additional generation load 
torque of said generator (7) that Is established so 
in accordance with the requested driving torque 
when said acceleration slippage apprehension 
estimating section (60) estimates that the road 
conditions are such that there Is an apprehen- 
sion of acceleration slippage occurring in the ss 
main drive wheel (1 L, 1 R). 

21. The driving force control apparatus as recited In 
claim 7, further comprising 

an acceleration slippage apprehension esti- *o 
mating section (60) configured to estimate If road 
surface conditions are such that there is an appre- 
hension of acceleration slippage occurring in said 
main drive wheel (1L, 1 R); and 

an additional generator control section conflg- 4* 
ured to control an additional generation load torque 
of said generator (7) that Is a prescribed percentage 
of an output torque of said Internal combustion en- 
gine (2), when the acceleration slippage apprehen- 
sion estimating section (60) estimates that the road so 
conditions are such that there Is an apprehension 
of acceleration slippage. 

22. The driving force control apparatus as recited In 
claim 7, further comprising 55 

an acceleration slippage apprehension esti- 
mating section (60) configured to estimate If road 
surface conditions are such that there Is an appre- 



hension of acceleration slippage occurring In the 
main drive wheel (1L, 1 R); and 

an additional generator control section config- 
ured to control the torque of said generator (7) to 
match a generation load torque when the acceler- 
ation slippage apprehension estimating section 
(60) estimates that there is an apprehension of ac- 
celeration slippage, the generation load torque be- 
ing determined In accordance with a difference be- 
tween the current road surface reaction force limit 
torque and a previously-calculated hlgh-p, road sur- 
face reaction force limit torque. 

23. The driving force control apparatus as recited In any 
one of claims 20 to 22, further comprising 

a wheel grip limit estimating section (60, step 
S155) configured to compute a wheel grip limit es- 
timation value for said main drive wheel (1L, 1R), 
and 

said acceleration slippage apprehension es- 
timating section (60) estimating If there Is an appre- 
hension of acceleration slippage occurring based 
on an estimation made by said wheel grip limit es- 
timating section (60, step S155). 

24. The driving force control apparatus as recited in any 
one of claims 20 to 23, further comprising 

a poor road estimating section (60, step S 1 50) 
configured to estimate if road conditions is within a 
prescribed poor road range, 

said acceleration slippage apprehension es- 
timating section (60) estimating there is an appre- 
hension of acceleration slippage occurring based 
on an estimation made by said poor road estimating 
section (60, step S150). 

25. The driving force control apparatus as recited in any 
one of claims 20 to 24, further comprising 

an ascending road estimating section (60, 
step S1 60) configured to estimate if the vehicle is 
traveling on an ascending road, 

said acceleration slippage apprehension es- 
timating section (60) determining there is an appre- 
hension of acceleration slippage occurring based 
on an estimation made by said ascending road es- 
timating section (60, step S160). 

26. The driving force control apparatus as recited In any 
one of claims 20 to 25, further comprising 

a running resistance detecting section (60, 
step S165) configured to detect a running resist- 
ance of the vehicle, and 

said acceleration slippage apprehension es- 
timating section (60) determining If there Is an ap- 
prehension of acceleration slippage occurring 
based on the detection made by said running resist- 
ance detecting section (60, step S1 65). 



27 



63 



EP 1 205 331 A2 



54 



27. The driving force control apparatus as recited In any 
one of claims 7 to 26, further comprising: 

a requested torque detecting section (17a) con- 
figured to detect a requested driving torque In- 5 
putted to said Internal combustion engine (2); 
a low speed condition determining section (8E, 
step S100) configured to determine If a 
traveling speed of the vehicle is less than or 
equal to a prescribed speed; and 10 
a first low speed control section configured to 
control the torque of the generator (7) to match 
a generation load torque determined in accord- 
ance with the requested driving torque detected 
by said requested torque detecting section *5 
when said low speed condition determining 
section (8E, step S1 00) determines that the ve- 
hicle Is In a low speed condition, 
said first low speed control section being con- 
figured to start when said low speed condition 20 
determining section (8E, step S100) deter- 
mines that the vehicle is in a low speed condi- 
tion, and starts said generator control section 
(8) when said low speed condition determining 
section (8E, step S100) determines that the ve- 25 
hide Is not in a low speed condition. 

28. The driving force control apparatus as recited in any 
one of claims 7 to 26, further comprising: 

30 

a requested torque detecting section (17a)con- 
flgured to detect a requested driving torque in- 
putted to said Internal combustion engine (2); 
and 

a low speed condition determining section (step ss 
S100) configured to determine If a traveling 
speed of the vehicle is less than or equal to a 
prescribed speed, 

said generator control section (8) calculates a 
first generation load torque accordance with the 40 
acceleration slippage magnitude of said main 
drive wheel (1L, 1R) when acceleration slip- 
page of said main drive wheel (1 L, 1 R) is esti- 
mated to be occurring and when said low speed 
condition determining section (8E f step S100) 
determines that the vehicle Is In a low speed 
condition, and calculates a second generation 
load torque In accordance with the requested 
driving torque detected by said requested 
torque detecting section, and controls the so 
torque of said generator (7) to substantially cor- 
respond to the larger of the first and second 
generation load torques. 

29. The driving force control apparatus as recited in any S5 
one of claims 20, 27 and 28, wherein 

said requested torque detecting section (1 7a) 
determines said requested driving torque based on 



an operation amount or an accelerator. 

30. The driving force control apparatus as recited In any 
one of claims 7, 20 to 26, further comprising: 

a weight distribution determining section (69) 
configured to determine a front and rear weight 
distribution of the vehicle; 
a low speed condition determining section (8E, 
step S100) configured to determine If a 
traveling speed of the vehicle is less than or 
equal to a prescribed speed; and 
a second low speed control section configured 
to control the torque of the generator (7) to 
match a generation load torque determined In 
accordance with the front and rear weight dis- 
tribution determined by said determining sec- 
tion when said low speed condition determining 
section (step S100) determines that the vehicle 
Is In a low speed condition, 
said second low speed control section starts 
when said low speed condition determining 
section (8E, step S1 00) determines that the ve- 
hicle is In a low speed condition, and starts said 
generator control section (8) when the vehicle 
Is not In the low speed condition. 

31 . The driving force control apparatus as recited in any 
one of claims 7, 20 to 26, further comprising: 

a weight distribution determining section (69) 
configured to determine the front and rear 
weight distribution of the vehicle; and 
a low speed condition determining section (8E, 
step S100) configured to determine If a 
traveling speed of the vehicle Is less than or 
equal to a prescribed speed, 
said generator control section (8) calculates a 
first generation load torque In accordance with 
the acceleration slippage magnitude of said 
main drive wheel (1L, 1R) when acceleration 
slippage of said main drive wheel (1L, 1R) is 
estimated to be occurring acceleration slippage 
and when said low speed condition determining 
section (step S 1 00) determines that the vehicle 
is In a low speed condition, calculates a second 
generation load torque In accordance with the 
front and rear weight distribution determined by 
said weight distribution determining section, 
and controls the torque of the generator (7) to 
match the larger of the first and second gener- 
ation load torques. 

32. The driving force control apparatus as recited in any 
one of claims 7, 20 to 31, further comprising: 

a subordinate drive wheel slippage estimating 
section (steps S1000-S1 030) configured to es- 
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timate acceleration slippage occurring In the 
subordinate drive wheel (3L, 3R); and 
an electric motor torque limiting section (8H, 
steps S1040-S1080, S1200, S1210) config- 
ured to starts when said subordinate drive 5 
wheel slippage estimating section (steps 
S1000 to S1030) determines that acceleration 
slippage Is occurring In the subordinate drive 
wheel (3L, 3R), said electric motor torque lim- 
iting section (8H) limiting the torque of the gen- to 
erator (7) by adjusting a field current of said 
electric motor (4) such that torque transferred 
to the subordinate drive wheel (3L t 3R) from 
said electric motor (4) does not exceed the road 
surface reaction force limit torque of the subor- 15 
dinate drive wheel (3L, 3R). 

33. The driving force control apparatus as recited in any 
one of claims 7, 20 to 32, further comprising: 

20 

a battery (30); 

a subordinate drive wheel slippage estimating 
section (step S1 300) configured to estimate ac- 
celeration slippage occurring In the subordinate 
drive wheel (3L, 3R); and 25 
an electrical power distributing section (31) 
configured to distribute to said battery (30) a 
portion of the electrical power supplied to said 
electric motor (4) from said generator (7) when 
said subordinate drive wheel slippage estlmat- so 
Ing section determines that acceleration slip- 
page is occurring in the subordinate drive wheel 
(3L, 3R). 

34. The driving force control apparatus as recited in any ss 
one of claims 7, 20 to 33, further comprising: 

a slippage condition estimating section (step 
S1500) configured to estimate a slippage con- 
dition of the subordinate drive wheel (3L, 3R); 40 
and 

an Internal combustion engine output control 
section (8M) configured to lower an output 
torque of said internal combustion engine (2) in 
accordance with an acceleration slippage mag- ^ 
nitude of the slippage condition detected by 
said slippage condition detecting section 
toque regardless of an acceleration operation 
on said internal combustion engine (2). 

50 

35. The driving force control apparatus as recited In any 
one of claims 7, 20 to 34, further comprising: 

a slippage condition detecting section (step 
S1500) configured to detect a slippage condi- 55 
tion of the subordinate drive wheel (3L, 3R); 
a clutch section (12) configured to transfer 
torque to the subordinate drive wheel (3L, 3R) 



from said electric motor (4); and 
a transfer torque section (8L) configured to ad- 
just a torque transferred to the subordinate 
drive wheel (3L, 3R) by said dutch section (12) 
In accordance with an acceleration slippage 
magnitude of the slippage condition detected 
by said 6lippage condition detecting section 
(stepS1500). 

36. The driving force control apparatus as recited in any 
one of claims 4 to 35, further comprising: 

an internal combustion engine output limiting 
section (steps S310-S330) configured to start 
when said surplus torque computed by said 
surplus torque computing section (8E, steps 
S30-S50) exceeds a load capacity of the gen- 
erator (7), and said internal combustion engine 
output limiting section (steps S310-S330) low- 
ering an engine output torque of the Internal 
combustion engine (2) based on a magnitude 
of a value obtained by subtracting a torque de- 
termined based on the load capacity of the gen- 
erator (7) from said surplus torque regardless 
of an acceleration operation on said internal 
combustion engine (2). 

37. The driving force control apparatus as recited in any 
one of claims 4 to 36, further comprising: 

a battery (49) configured to supply electrical 
power to an electric motor (4); 
a supply power adjusting section (65) that ad- 
Justs the magnitude of electrical power supplied 
from said battery (49) to said electric motor (4); 
an acceleration request detecting section (step 
S340) configured to detect an acceleration re- 
quest operation; 

an acceleration condition detecting section 
(step S350) configured to detect the accelera- 
tion condition of the vehicle; and 
a battery power Increasing section (step S520) 
that starts upon determining that said internal 
combustion engine output limiting section (step 
S310-S330) has started, said battery power In- 
creasing section (65) increasing, via said sup- 
ply power adjusting section (65), the magnitude 
of electrical power supplied to said electric mo- 
tor (4) from said battery (49) by a magnitude in 
accordance with the magnitude by which said 
Internal combustion engine output limiting sec- 
tion reduced said output torque, upon determin- 
ing that the rotational speed of the subordinate 
drive wheel (3L, 3R) is being controlled propor- 
tionally to an acceleration request based on the 
detection values of said acceleration request 
detecting section (step S340) and said acceler- 
ation condition detecting section (step S350). 
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38. The driving force control apparatus as recited In 
claim 37, wherein 

said acceleration request detecting section 
(step S340) determines If the rotational speed of the 
subordinate drive wheel (3L, 3R) is being controlled 5 
proportionally to said acceleration request based on 
the acceleration request Indication quantity caused 
by a driver and the elapsed time of said acceleration 
request indication. 

10 

39, The driving force control apparatus as recited In 
claims 37 or 38, wherein 

said acceleration condition detecting section 
(step S350) detects the acceleration condition of 
the vehicle based on at least one of the wheel speed is 
of the subordinate drive wheel (3L, 3R), the wheel 
acceleration of the subordinate drive wheel (3L, 
3R) ( and the longitudinal acceleration of the vehicle. 

20 
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